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NORTON ROLL GRINDER; ONE OF , 
THE LARGEST EVER BUILT. 
CUTLER-HAMMER EQUIPPED. 
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TROY LAUNDRY MACHINERY 
MADE BY AMERICAN MA- 
CHINE & METALS, INC. USES 
CUTLER-HAMMER MOTOR 
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What makes a leader? 


Success is never an accident. Names that are instantly 
recognized as leaders mark the companies and products 
that have won widespread confidence through superior 
performance. ..superior performance under direct com- 
petitive comparison. Volumes could be written on the 
value leaders place on the trust granted their names, on 
the jealous care with which they guard it in everything 
they do. The point seems so clear that it requires noth- 
ing more than mere mention. Likewise, doesn’t the sim- 
ple fact that Cutler-Hammer Motor Control is found 
so frequently to be the choice of the leaders tel! more 
about its performance. ..its leadership. ..than pages of 
glowing phrases? You will also find it pays to insist on 
Cutler-Hammer Motor Control. CUTLER-HAM MER, 
Inc., 1310 St. Paul Avenue, Milwaukee 1, Wisconsin. 
Associate: Canadian Cutler-Hammer, Ltd., Toronto. 


HIGH SPEED CIGARETTE-MAKING MACHINE MADE BY 
AMERICAN MACHINE & FOUNDRY COMPANY, INC. 
SHOWN EQUIPPED WITH CUTLER-HAMMER CONTROL. 
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Problems 


MACHINE DESIGN’s research staff 
has been busy over the last several 
months charting trends in the rela- 
tive attention being given to various 
engineering design problems. We 
have asked you to tell us what par- 
ticular phases of design were most 
important to you at the time you re- 
ceived our questionnaires. The re- 
sults are interesting. 

In October 1950 the four problems 
being given most attention were, in 
this order: Reduced cost; production 
methods; improved appearance; and 
materials selection. Today materials 
selection has nosed into second place, 
with reduced cost still at the head of 
the list. Another problem which is 
receiving much greater attention to- 
day than in October is weight reduc- 
tion, which jumped from tenth to 
fifth place. 

To those readers who took the time 
to answer our questionnaires, many 
thanks. Your co-operation is proving 
most helpful to us in planning edi- 
torial coverage that is geared to your 
needs. Watch for our forthcoming 
August issue! 


This Month's Cover 


Remember what Robert Burns said 
about the best-laid plans of mice and 
men? Well, we like our cover pic- 
tures to tie in with some feature of 
the same issue and that was our plan 
in preparing the cover you see this 
month. The picture was intended to 
accompany Douglas Rumsey’s article 
“Redesigned for Higher Speed.” But 
the April Drives and Controls issue 


XY . 





in which the article appeared as the 
lead feature already had a special 
art cover. So it is that the cover you 
see in June illustrates an article 
which appeared in April. It shows an 
American Machine & Foundry Co. 
breadwrapper redesigned for high 
speed. Design problems included de- 
velopment of smoother acting mech- 
anisms to prevent throwing sliced 
bread around the bakery. The answer 
was found in the use of planetary 
Geneva mechanisms and harmonic 
cams to reduce peak loads. 


They Say... 


Often you will find at the ends of 
articles in MACHINE DESIGN pithy 
quotations under the heading They 
Say .. . These sayings, we hope, 
inspire and entertain our readers in 
addition to utilizing to good advan- 
tage the remaining space on the page. 
On Page 156 of the April issue we 
quoted E. H. Reed on the subject of 
conferences, which reminded one of 
our readers, Paul Sebring of the Ord- 
nance Research Laboratory at Penn- 
sylvania State College, of this defi- 
nition: A conference is a gathering 
of very important men who singly 
can do nothing, but together can de- 
cide that nothing can be done. 


High-Power Chain 


Engineering analysis of standard 
machine components can pay off in 
a big way. How such an analysis has 
broadened the field of application of 
the prosaic chain drive is told in the 
brief article beginning on Page 139. 
Ingenuity plus mathematics plus 
plain horsesense teamed up to pro- 
duce a power transmission chain with 
capacities up to 5000 hp. 


Crossed Shafts Again 


tersect. One of our readers had «&. 
perienced difficulty with excessive 
wear when using helical gears to 
transmit 50 hp. Several readers have 
written in to suggest the use of hy- 
poid gears. Another reader, Norman 
W. Taylor, offers a solution which 
may appear to dodge the issue but 
which is eminently practical. 


Norm suggests alternative ways of 
handling the problem, depending on 
conditions. First, if the shafts are rea 
sonably close at their nearest point, 
place a countershaft between then, 
parallel to one and in the plane of 
the other. Couple the two paralld 
shafts by spur or herringbone gears 
and the two intersecting shafts lj 
bevel gears. Second, if the shafts ar 
remote at their nearest points, place 
a shaft perpendicular to one shaft ani 
in the plane of the other. Each inter 
section then can be connected by bev 
el gears. 


Extra Copies of Articles 


Our latest tabulation of your It 
quests for personal copies of MACHIN 
DESIGN articles shows that an it 
creasing number of readers are tak 
ing advantage of our return postcari 
service. The response to individual al 
ticles varies all over the lot, some 
articles pulling only a nominal num 
ber of requests and others, hundreds 
For the February engineering daté 
sheet on stress concentration, for 
example, there were more than twitt 
as many requests as the next highest 
on the list, completely exhausting ov 
supply before all requests were filled 
In March, however, we rang the bel 
with three articles which each pulle! 
about an equal number of requests: 
“Determining Practical Tolerances, 
by Wayne A. Ring; “M -chanic# 
Properties of Metals,” by H. W. Gi 





ae 






lett; and the engineering data shee! Br 
on stress concentration by R. E. 
terson. Br 


On this page in the April issue we 
outlined the problem of connecting 
nonparallel shafts which do not in- 
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Design—General 

Adding machines, Edit. 110 

Chain drives, Edit, 137 

Drives, torque converter, for cranes, 
Edit. 119 

Gear tooth design, Edit. 178 

Motions, linkage, straight-line, Edit. 
125 

Motor, designing for production, Edit. 
139 













Seals, for abrasive mixtures, Edit. 128 
Stress concentrations, Edit. 173 


Engineering Department 
Equipment: 
Drafting room, Edit. 136; Adv. 82- 
83, 204, 237, 242, 262, 276, 322 
Experimental, Edit. 194 
Management: 














Evaluating engineers, Edit. 141 
Supplies: 
Drafting room, Adv. 82-83, 280, 323 
Finishes 






Plastic, Adv. 288 

Protective coating, 
Adv. 205 

Varnish, Adv. 212 


Materials 

Aluminum, Adv. 20-21, 23, 265-266 

Beryllium-copper, Adv. 96 

Brass, Adv. 104, 346 

Bronze, Adv. 56, 322 

Carbon, Adv, 208 

Clad metals, Adv. 244 

Copper alloys, Adv. 37, 104 

Felt, Adv. 323 

Friction materials, Adv. 223 

Magnesium alloys, Edit. 190; Adv. 
22, 261 

Nickel alloys, Adv. 69 

Perforated metal, Adv. 331 

Plastics, Adv. 47, 216 

Plastics, laminates, Adv. 243 

Rubber and synthetics, Edit. 190; 
Adv. 216, 234, 284 

a steel, Adv. 107, 244, 296, 


Steel, Adv. 103, 222, 254, 312, 316 


nad Parts 
€ assemblies, Adv, 253 
Balls, Adv. 278 
gs: 
Ball, Adv. 6, 25, 26, 27, 65, 84, 95, 
218, 257, 292, 304, 322, 324 
Needle, Adv. 199, 255 
Oil-less, Adv. 76, 189 
Roller, Adv. 65, 101, 292, 294, 332, 
back cover 
Sleeve, Adv. 181, 251, 267, 315, 338 
owe, Edit. 186 
ts: 





Edit. 188, 193; 






























Transmission, Adv. 79, 80, 239, 246 
Buetal parts, Adv. 252, 290 
Beetes, Adv. 58, 207, 226 
Benes, commutator, Adv. 326 
Tushes, power, Adv. 270 


m and i . 
61, 76 graphite parts, Adv. 60 









gs: 
Centrifugal, Adv. 335 
©, Adv. 18, 31, 64, 75 
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INDEX 


Classified for convenience when studying specific 


Investment, Adv. 10 

Permanent mold, Adv. 303 

Plaster mold, Adv. 17 

Sand, Adv. 39, 41, 271, 283 

Chains: 

Conveyor, Adv. 70-71, 90-91, 102 

Roller, Adv. 70-71, 87, 102, 241, 281 

Silent, Adv. 66-67, 70-71, 102, 227 

Clamps, Edit. 190 

Clutches, Edit. 182; Adv. 187, 207, 
338 

Controls (see Electric, etc.) 

Counters, Edit. 186; Adv. 282 

Couplings, Adv. 52, 70-71, 230, 238, 
338 

Cylinders, Adv. 68 

Drives: 

Adjustable speed, Adv. 77, 88-89, 
93, 231-232, 299, inside back cover 

Chain, Edit. 137; Adv. 66-67 

Electric accessories, Adv. 333 
Electric controls: 

Actuators, Edit. 188 

Collector rings, Adv. 324 

Contactors, Adv. 92-93, 193 

Control assemblies, Edit. 117, 133, 
183; Adv, inside front cover, 200 

Relays, Edit. 183, 184; Adv. 108, 
310 

Resistors, Edit. 190; Adv. 201 

Solenoids, Edit. 188 

Starters, Adv. 28-29, 72-73, 97-98, 
311, 320 

Switches, Edit. 186; Adv. 14, 48-49 

Thermostats, Edit. 192; Adv. 62, 
252, 290 

Electric heating units, Adv. 5, 330 
Electric motors: 

Fractional hp, Edit. 139, 192; Adv. 
93, 215, 307, 313, 317, 326, 330, 
333 

Gearmotors, Adv. 330-331 

Integral hp, Edit. 192; Adv. 28-29, 
— 85, 231-232, 295, 309, 317, 

3 
Synchro, Adv. 323 
Timing, Adv. 16, 240 
Electrical insulation, Adv. 191 
Engines, Edit. 127; Adv. 272, 320 
Extrusions, Adv. 19, 24 
Fasteners: 

Blind, Adv. 12 

Inserts, Adv. 264, 332 

Lock washers, Adv. 203 

Locking, Edit. 182; Adv. 78, 81, 
217, 225, 287, 339 ‘ 

Nuts, bolts, screws, Adv. 22-23, 38, 
40, 196, 269, 274, 325 

Rivets, Adv. 325 

Screw, self-tapping, Adv. 36 

Studs, Adv. 274 

Felt parts, Adv. 323 

Filters, Adv. 329 

Fittings: 
Hose, Adv. 277 
Tube, Adv. 260 

Forgings, Adv. 343 

Gages,pressure, etc. (see also Instru- 
ments), Adv. 329 

Gear trains, Edit. 192 

Gears, Adv. 13, 42, 229, 262-263, 268, 
272 298, 300, 308, 319, 325 

Handles, Adv. 324 


design problems 


Heat exchangers, Adv. 345 
Hose: 
Flexible metallic, Adv. 100, 314 
Flexible nonmetallic, Adv. 202, 277 
Hydraulic equipment: 
Boosters, Adv. 221 
Controls, Adv. 15 
Cylinders, Edit. 192; Adv. 68, 236, 
256, 276, 326 
Motors, Adv. 9 
Pumps, Edit. 183; Adv. 9, 15, 32, 51, 
53, 224, 247, 256, 318 
Systems, Adv. 50, 220, 302 
Valves, Adv. 9, 15, 256, 269, 326 
Instruments, Edit. 116, 184, 190. 193, 
194; Adv. 93 321, 329, 336 
Joints: 
Rotary, Adv. 286, 332 
Swivel, Adv. 286 
Universal, Edit. 186; Adv. 336, 339 
Lubrication and equipment, Edit. 184; 
Adv, 185, 195, 250 
Machined parts, Adv. 264, 333 
Motors (see Electric motors) 
Mountings, motor, Adv. 206 
Mountings, vibration, Adv. 248, 258, 
321 
Nameplates, Adv. 339 
Packings, Adv. 86, 228 
Pipe and fittings, Adv. 74 
Plastic parts, Edit. 117, 118, 
Adv. 45, 47 
Plugs, Adv. 329 
Pneumatic equipment: 
Controls, Edit. 184; Adv. 11, 54-55 
Cylinders, Edit. 182; Adv. 8, 54-55, 
68, 213, 236, 276, 326 
Motors, Adv. 280 
Pumps, Edit. 190 
Relays, Edit, 184 
Valves, Adv. 1, 11, 268, 326 
Powder-metal parts, Adv. 211, 325 
Pulleys and sheaves, Adv. 89 
Pumps (see also Hydraulic and Pneu- 
matic), Adv, 32, 53, 247, 278, 320, 
332, 339 
Rings, retaining, Adv. 63 
Rubber and synthetic parts, Adv. 214 
Scales, Adv. 33 
Seals, packings, gaskets, Edit. 188; 
Adv. 2, 46, 99, 245, 297, 305 
Shafts, flexible, Adv. 233 
Sheaves, Adv. 57, 246, 275 
Speed reducers, Edit. 182; Adv. 30, 
59, 273, 291, 336 
Springs, Adv. 94, 106, 335, 338 
Stampings, Adv. 219, 338 
Tubing: 
Finned, Adv. 279 
— Edit. 183; Adv. 209, 279, 
Welded, Adv. 235, 285, 289, 293 
Valves (see also Hydraulic and Pneu- 
matic), Adv. 1, 74, 331 
Vibrators, Adv. 321 
Weldments, Adv. 259, 301 
Wire and wire products, Adv, 210 


Production 
Machines, special, Edit. 116, 118, 134; 
Adv, 5, 274 
Milling machines, Edit. 118, 135 
Plastic press, Edit. 132 
Welding and equipment, Adv. 249 


135; 


MACHINE DESIGN is indexed in Industrial Arts and Engineering Index Service, both available in libraries generally. 





IN THIS LAPPING MACHINE 


Hanna’ Cylinders and Valves 
INCREASE SPEED—REDUCE OPERATOR FATIGU: 


THE CRANE LAPMASTER, shown here, is a 
machine developed by the Crane Packing 
Company for precision lapping of parts and 
materials in production quantities. Hanna 
Air Cylinders are used for raising and lower- 
ing the entire conditioning ring-pressure 
plate units to permit fast, efficient loading 
and unloading of parts. In many cases, pro- 
duction has been doubled over *manual 
operation. 


Hanna Air Cylinders 
~\ (1), Speed Contra 
“AValves (2), and Un: 
~ {tite Jr. Valves (3), on 

J shown in this clos é 

up view of thm ~* 


The application of Hanna Cylinder Power to the 
Crane Lapmaster is a typical example of the way many types 
f . . ‘ . Hanna Catalog 236 
of machines and equipment can be operated faster, easier, more peg ay vo eal, 
efficiently and with less cost. For Hanna Cylinders and Valves Cylinders—Catalog /p. 
. . . 233A for Hydraulic £ 
are adaptable to hundreds of installations to raise or lower, push or Cylinders. 


pull, press, clamp or control — smoothly and reliably. 


If you are looking for a way to increase production and lower 
operating costs of your machines or equipment, investigate Henne Catalog 25 
the advantages of Hanna Cylinder Power. Hanna Sales Engineers, gives full information 
on the complete line 


experienced in applying hydraulic and pneumatic cylinders cH ~~ 
in a broad range of installations, will be glad to help you. ie yarns 


59O Cleanisvetsa ty 


HYDRAULIC AND PNEUMATIC EQUIPMENT... CYLINDERS... VALVES... RIVETERS 


1751 Elston Avenue, Chicago 22, Illinois 
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We can give you a dozen reasons why 
TIMKEN’ forging steels are best for you! 


UE 
|, They give you uniform forgeability. \0, Timken steels’ quality 1s precisely 
; : controlled at every production step. 
2. They give you uniform machina- Ff P 
bility. 11. Timken steels are made by the 
; ; leader in alloy steel research. 
3. They give you uniform response J 
to heat treatment. 12. Timken steels are backed by years 
ines , of experience in alloy steel 

4. They give you uniform physical roe ! J 

; production. 
properites. 

5, ] ; Taken together, these 12 big Timken® steel advantages 
oe They - J a sniforme surf md add up to what you want most—better finished prod- 
ig aud internal qualities. ucts at lower cost. 

3), on Because Timken forging steels are uniform from 
close bar to bar and from heat to heat, you can depend on 


” 
the 6. You § et analyses tailor-made to uniform finished products every time. To assure this 


your specifi cations. uniformity, every fifth man in the mill devotes his full 
time to careful inspection! 


An “on-the-job” analysis by our Technical Staff can 
show you how you can improve the quality of your 
product, cut production costs, or both. There’s no 
obligation or charge for this helpful service. And for 
authoritative information on forging the 67 Timken 
8, You get fewer delays in production. analyses, write on your letterhead for the 112-page 

book, “Evaluating the Forgeability of Steels”. The 


9 Y . Timken Roller Bearing Company, Steel and Tube Divi- 
‘You have fewer rejects. sion, Canton 6, Ohio. Cable address: “TIMROSCO”. 


/, Fewer shop practice changes are 
required, 


line 





YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 






Specialists in alloy steel—including hot rolled and cold finished alloy 
steel bars—a complete range of stainless, graphitic and standard tool 
analyses—and alloy and stainless seamless steel tubing 
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TOPICS 


LTRASONIC VIBRATION is the secret of 

a new process for machining such hard 
materials as carbides, borides, tool steel, glass, 
and gems. Vibrating 27,000 times per second, a 
blunt tool shaped like the cut to be made is held 
against the work. Actual cutting is performed 
by an abrasive such as boren carbide which is 
carried under the tool in a liquid suspension. 
According to the Cavitron Corp., manufacturer 
of the equipment, holes and recesses of any ar- 
bitrary shape ranging in diameter from 0.007 to 
2 inches can be cut with a tolerance of 0.002- 
inch. Material is not heated by the cutting ac- 
tion and is not affected metallurgically. 


MATERIALS HANDLING improvements can 
increase America’s industrial capacity by a min- 
imum of 10 per cent, according to a recent state- 
ment by E. F. Twyman of Yale and Towne. He 
cited operational tests with the U. S. Post Office 
on speeding parcel post car loading. Mechan- 
ized handling cut loading and unloading time as 
much as 62 per cent. 


MAGNESIUM availability was appraised in 
rather unique terms recently by L. I. Doan, 
president of Dow Chemical Co. Magnesium is 
extracted from sea water, which contains about 
0.13 per cent of this light metal. If 100 mil- 
lion tons were produced per year, which is about 
the current rate of steel production, the con- 
centration would have dropped to 0.12 per cent 
—at the end of a million years. 


GLASS-TO-METAL bonding process has been 
developed by General Electric. Glass and metal 
areas are painted with a thin layer of titanium 
hydride and solder is placed on both areas. Vac- 
uum heating at 900 F completes the process. 
With soft metal solders, glass-to-metal joints 
can be safely subjected to rapid temperature 
changes because the solder absorbs the effects 
of different expansion coefficients. 


STATISTICAL CALCULATOR based on prin- 
ciples of geometry quickly gives many of the 
factors required in engineering applications of 
statistics. Squares, sums of squares and square 
roots, commonly required in statistical work, are 
all performed simultaneously on this slide-rule 


type device which is manufactured by the 
Graphic Calculator Co. Additionally, it can be 
used to find standard dev.ations, root-mean- 
squares, correlation coefficients, geometric and 
harmonic means and regression lines. 


FACSIMILE EQUIPMENT under development 
by the Army Signal Corps provides small front- 
line photos of newspaper quality anywhere in 
the world five minutes after the picture is taken. 
The new models send pictures or maps, scan at 
from 45 to 180 lines per minute, and provide 
definition of 96, 200, and 300 lines per inch. In 
addition, both words and graphic material can 
be automatically reproduced on a mimeograph 
stencil, making hundreds of copies available al- 
most immediately. 


LIQUID OZONE appears to be a promising 
fuel for rocket propulsion. According to C. E. 
Thorp of Armour Research Foundation, the 
hazard of spontaneous detonation, which has re- 
stricted the use of liquid ozone, has been elim- 
inated by “removing certain thermal, mechan- 
ical, electrical, and chemical sensitizing influ- 
ences.” 


PUMPED STORAGE is being developed as a 
variation of modern power generation practice, 
though first used by the Swiss in 1892. It in- 
volves the pumping of water from a river, lake 
or reservoir into a reservoir at greater height. 
At allotted times the water is allowed to flow 
back through a turbine which generates elec- 
trical power. Surplus power during off-peak 
periods is thus utilized to make power available 
for peak periods. For such service Allis- 
Chalmers reports the development of efficient 
units consisting of a pump and a motor which, 
when reversed, serve as turbine and generator. 


STATIC FRICTION TESTS of a number of 
relatively new special lubricants, in combination 
with various metals, have recently been com- 
pleted at the National Bureau of Standards. 
Lowest static friction was shown, in general, 
by test lubricants containing molybdenum disu!- 
fide—closely followed by a mineral lubricating 
grease, dry molybdenum disulfide, and a fluor- 
inated hydrocarbon with graphite additive. 
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JUNE, 1951 


Engineering Manpower 


HE present critical shortage of engineers is no temporary difficulty. 

Although the Korean mess, with the consequent stepup in defense 

_ activities, has greatly intensified the problem, the root causes of the 
shortage go back much farther than last summer. 

Interruption of the normal output of engineering graduates from col- 
leges and universities during World War II created a void which has not 
yet been adequately filled. At the same time American industry has con- 
tinued to expand and increase its output of goods and services requiring 
engineering skill. Thus, with a sizable military production program super- 
imposed on a civilian economy already at an all-time high it is small wonder 
that engineering manpower is in unprecedented demand. 

To narrow the gap between supply and demand calls for vision and ac- 
tion on the part of government and of engineering management. Legisla- 
tion and administration of universal military training and draft laws must 
be realistic, recognizing that in our present danger all considerations must 
be secondary to that of building and maintaining unmatched economic and 
military strength. Any policy which unnecessarily restricts the flow of 
young engineers through college into industry has the effect of hampering 
our attainment of that goal. 

Engineering management is in a key position to take important action 
on two fronts. The first is to improve substantially the financial status of 
engineers. As J. Calvin Brown, ASME president, recently told his society 
“. . . Some way ought to be found to increase the economic differential 
between engineering and the crafts. Engineering otherwise stands to lose 
some of the best minds to other callings... .” 

The other course of action is to re-examine every phase of engineering 
activity. By evaluation of the engineering jobs to be done and of the men 
available to do them, the efficiency of operation can be stepped up, each 
engineer can work at his maximum skill, and the less exacting tasks can 
be turned over to less highly trained men. As a result total manpower 
shortages can be made much less acute. Because this is one approach that 
is practical and common sense and can be put into action immediately, the 
editors of MACHINE DESIGN are particularly proud to present in this issue 
a comprehensive article by Randolph Chaffee on “Evaluating Engineers.” 
This should serve: in the coming months and years as a basic reference 
manual for the efficient administration of engineering manpower, thereby 
conserving the engineering talent so essential to a strong and prosperous 
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PEED is purely a relative term when used with 
S respect to adding machines or office equipment 

in general. Higher speed simply means greater 
operator output with no increase in operator fatigue 
and with no sacrifice in accuracy and dependability. 
Progress of this sort is exemplified by the adding 
machine shown in Fig. 1. Developments pertaining 
to both operator facility and mechanical design are 
reported in this article. 

Efforts toward increasing operator output were 
concentrated along two interrelated channels: (1) 
Cyclic speed of the machine was increased above the 
general level prevailing in the industry for machines 
of comparable classification; (2) the connecting link 
between the operator and the machine—the keyboard 
—was designed to allow an operator to take full ad- 
vantage of the increased cyclic speed. 

Keyboard design problems proved to be principally 
functional. It was determined that highest operator 
speed could be attained with the system of entering 
groups of numbers simultaneously into the keyboard. 
This system was encouraged by condensing the key- 
board to allow easy entry over the entire keyboard 
without exceeding the average operator’s hand span. 

Also, to provide an easy means of “add” function 
control, an add bar was provided along the front of 
the machine. This encouraged simultaneous entry 
and cycling, and allowed use of the thumb for func- 
tional operations. With this group entry and thumb 
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cycling method, it is possible for an operator to mail 
tain her finger grouping during multiplication ani 
division, and merely to move horizontally across the 
keyboard after taking the required number of cycles 
in each order. 

Condensing the keyboard made design of the kej 
tops a major consideration, Fig. 2. To assure against 
accidental depression of an amount key, the forward 
surface of the key was made vertical so that unil- 
tentional contact with this surface could not caus 
pressure in a downward direction. The opposite side 
of the key top was sloped at the steepest possible 
angle to allow maximum finger clearance. This design 
makes it virtually impossible to depress two keys 
simultaneously, unless a finger overlaps two key cap 
or the hand is held at an abnormal angle. 

This functional design of the key top also dictated 
that the keys be capped in a material of contrastiné 
color to allow easy reading of depressed keys a8 oul 
lined by the break in the color line. The incentata 
of the cap on the key top was shaped with a cylit 
drical surface (axis running front to back) tha! 
provides functional touch qualities and, unlike sphe 
rical surfaces, throws no glare toward the © erator’ 
eyes. 

Basically, the internal mechanical elemen's of # 
adding machine consist of: 

1. The accumulator, a storage medium 
formation entered into the keyboard 
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mail: 2. The printing unit, which transposes informa- 
mn anim tion entered into the keyboard or stored in the accu- 
ss they Mulator to a permanent record 

3. The racks, which transfer information from the 
keyboard to the accumulator or printing unit, or from 
the accumulator to the printing unit 

4. The controls, which determine operations to be 
performed, as selected from the keyboard, and the 
Sequence in which they occur. 
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he key 
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Since all operations performed by the machine are 
fependent upon the control mechanisms, these me- 
hanisms had to be fast and dependable. The cam 
Hine, Fig. 3, which controls all the mechanical func- 
longs performed by the machine employs a full 360 
uestees driven rotary motion. This rotation allows 
or the positive control of any mechanism during all 
ictated Tr any portion of the machine cycle. 

-asting : 
s out" Friction Drive Obviates Locked Keyboard 


tio 
oe Racks are driven from the rotary cam line through 


<= Semipositive friction drive mechanism. Use of this 
sphe driv. enables the machine to do all its addition 
rator’s spo one ~ _ wor of the — , 
um 448 seen in Fig. 4a, the racks are moved ou a ay 
of # Phe the force exerted by the spring scissors rack ace, ——— machine which wa 
"© Member, which is detented through the sharp cyclic spend 
in gle on the racks, These forces are sufficient to a 
in- easier operation 


low the racks to digitize in the accumulator and 
Position all the printing mechanism. Also, once the 
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scissors have been broken by the positioning of the 
rack against the keystem rack stops, as in Fig. 4b, 
the rack in effect becomes dead. In other words, when 
a rack has been stopped by a keystem and the scissors 
member inactivated, even if the stopping keystem 
were released, the rack would not move. Once the 
scissors member is broken, the forces of that member 
against the straight portion of the rack are not suf- 
ficient to overcome the force exerted upon the rack 
by the accumulator gear and its detent. This feature 
of the rack drive eliminates the necessity of a locked 
keyboard and all the mechanism such a keyboard 
entails, and also effectively prevents rebound of the 
racks which sometimes tends to occur at high ma- 
chine speeds. 


Overthrow Protection Required 


With increased machine speeds come the ever-pres- 
ent problems of rebound and overthrow protection. 
The greatest problems of overthrow are usually en- 
countered in the accumulator which is the heart of 
any calculating device. This accumulator, Fig. 5, 
usually consists of a series of gears, one for each 
accumulating order, plus a means of correcting each 
succeeding higher order whenever the order just be- 
low it has been rotated more than nine increments. 
The means of accomplishing this transfer in the Clary 
machine can be seen by examining the sketches in 
Fig. 6. Each rack gear order has a transfer con- 
ditioning cam which, when any gear is rotated past 
its tenth increment, will condition a transfer pawl in 
the next higher order. This transfer pawl may be 
conditioned-positively (down) or negatively (up) de- 
pending upon whether the operation being performed 
is addition or subtraction. Figs. 6a and 6b show the 
rack gear of one order and the transfer pawl that 
affects the rack gear of the next highest order. 

It is important to notice that during the tenth in- 
crement of travel-of a rack gear, and as the transfer 
conditioning cam operates on the transfer pawl, the 
conditioning may be accomplished over more than 50 
per cent of that tenth increment of gear motion. This 
is possible because, once the transfer pawl has been 
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driven past the critical point, the transfer paw! detent 
moves the transfer pawl to its fully detented position 
and the arcs of the transfer conditioning cam ani 
the transfer pawl separate to allow the transfer con 
ditioning cam to clear on further incremental travel. 
Therefore a maximum of normal clearance js allow 
able between the transfer conditioning cam and the 
raised portion of the transfer pawl that it operate 
upon. This greater normal clearance is the factor 
that eliminates false conditioning due to overthrow 
at the higher operating speeds. 

During the last half of each machine cycle the ro- 
tation of the transfer cam line accomplishes the at- 
tual transfer into any accumulator orders that have 
been conditioned during digitation. Fig. 6c shows the 
rack gear upon which the conditioned transfer paw! 
operates as the transfer cam contacts the transfer 
pawl linkage, which occurs sequentially from lower 
to higher orders. The pawl is driven forward into 
the gear, causing the gear to rotate one increment, 
at the same time restoring the pawl to its neutral 
detent position. At the peak of its action, the trans 
fer pawl directly blocks the gear after it has rotated 
one increment, positively preventing any overthrow 
due to the transfer action. When the transfer cam 
leaves the transfer pawl, the pawl returns under the 
influence of the detent spring to its normal position, 
as shown in Fig. 6a, ready for the next digitation 
cycle. 


Positive Transfer Assures Correct Sequence 


Since an accumulator normally contains the great 
est number of consecutively operated linkages in any 
machine, the rotating positive transfer cam mechal- 
ism assures that each of these linkages will perfor™ 
its proper function in the correct sequence. Springs 
within the accumulator are restricted to the fun 
tions of detenting and restoring the linkages after 
they have completed their operations in the prope 
consecutive order. 

In a conditioned order, the transfer function is a 
complished by a cam that drives the transfer pawl 
forward, rotating the gear in that order by one * 
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Mtion that next higher order. 
M cams are spaced radially along the transfer cam line 


gement. If that order should be in a position where 
the increment of rotation would require it to adjust 
its next higher order, it would simultaneously condi- 
However, the transfer 


at 2242-degree intervals so that a particular cam 
does not start to function until the cam in the preced- 
ing order has completed its required work. This type 
of transfer means is known as a positive subsequent 
sequential transfer mechanism. 

Division on an adding machine is usually per- 
formed by converting the divisor to its reciprocal and 
multiplying that reciprocal by the dividend. Another 
method, used previously only on high-speed calcula- 
tors, is the multiple subtraction and overdraft of the 
divisor from the dividend. Because of the high op- 
erating speed of the Clary machine, and with the ad- 
dition of the “dividing eye” feature, the multiple sub- 


traction method becomes a practical means of division 
on an adding machine. This dividing eye mechanism 
consists mainly of an automatic machine stop and in- 
dicator which function when the accumulator has 
been overdrawn during the subtraction of the divisor 
from the dividend. This is accomplished mechanical- 
ly as illustrated in Fig. 7. 

The dividend must first be added into the accumu- 
lator. The divisor is then entered into the keyboard 
in a position corresponding to the highest order in 
the dividend. Depression of the subtract key will 
then cause the clutch control bar to move in a direc- 
tion as indicated by the arrow. Through its live tip, 
motion of the clutch control bar pivots the clutch 
control dog and releases the clutch, which allows the 
machine to cycle. As long as the subtract key is held 


depressed, the machine will continue to cycle and 
thereby subtract the divisor from the dividend until 

































































such time as the accumulator is overdrawn and a 
complementary amount appears in the accumulator. 
When that happens, the accumulator rack gear in the 
highest accumulator order is moved from zero to nine 
in a negative direction. As this occurs the transfer 
conditioning cam of that highest accumulator order 
acts upon the passover plate and causes it to move 
to its negatively detented position. This action of 
the passover plate, through the linkages shown in 
Fig. 7, causes the live tip actuator to cam the live 
tip up and allows the clutch control dog to come for- 
ward under the influence of its spring to a position 
such that the clutch will be disengaged at the end of 
that cycle. As the divisor is re-entered once posi- 
tively, the accumulator and passover plate are re- 
stored to the positive side. This operation is then 
repeated with the divisor moved to its next lower 
decimal position. When a quotient is obtained with 
‘the desired number of decimal positions, the problem 
is completed and the remainder is indicated. 








Although rotary motion is a relatively fast a 
silent means of mechanism operation, at higher speej 
it presents problems of momentum of the rotatiy 
members. The easiest way to defeat the problems, 
momentum is to eliminate or minimize them in ty 
design of the parts involved. Every effort was mai 
to keep the moment arms of rotating high-speed ps 
as short as possible in this design. This is probabj 
best exemplified in the printer unit of the machine, 
illustrated in Fig. 8. During digitation, the print 
dials, through a series of idler gears, are set to th 
correct print position. The actual printing operatiqa 
can then be accomplished, in a comparatively shor 
period of the total cycle, by driving the individu 
levers toward the platen, printing, returning th 
levers, and restoring them to their normal home po. 
sition as the racks return to zero. 

In this printing mechanism the major mass in the 
system is the printing dial itself. However, the dial 
has been designed with a small diameter so that it 
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Fig. 7—Above—Dividing eye mechanism au- 

tomatically stops the machine when the ac- 

cumulator has been overdrawn during sub- 
traction of divisor from dividen 






Fig. 8—Below—Printing mechanism sets 
dial to correct print position ago. | digita- 
tion prior to the printing stroke 
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presents no momentum problems during positioning 
Which occurs during digitation. On the other hand, 
this dial becomes the primary mass of the printing 
lever during the actual printing when high momen- 
tum is desirable. Because it is located at the end of 
the lever arm, a maximum impact force is delivered 
against the ribbon, paper and platen, and greatly in- 
creases the ability of the machine to print multiple 
‘opies through carbons. 












Wear Reduced by Hardened Friction Surfaces 





An inevitable result of higher speed is increased 
Wear in operating parts. This has been reduced by 
heat treating any parts having friction surfaces, 
tither by carburizing or by the use of cyanide. The 
resulting hardness is thereby concentrated on the skin 
of the part, leaving the core soft enough so the part 
may be adjusted by bending if necessary. However, 
Where parts might strike together with high force, 
Special high carbon steels are used that produce a 
“afd core when heat treated. For bushings or bear- 
ings that carry revolving shafts, heat-treated steel 
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is used to standardize materials. 

One of the most important features of any product 
is appearance. A customer’s initial reaction is based 
on what is most obvious. If you tell a person your 
product operates at high speeds, and its appearance 
tends to bear you out, one point of selling is easily 
overcome. This fact was thought to be so important 
that one of the first things to come out of preliminary 
design was the general outline of the machine, and 
limits were then set up on the space allowable for 
the functional mechanism. As is apparent from Fig. 
1, efforts were made to eliminate any bulges or bumps 
or, in general, avoidable changes of contour. The 
result of this procedure is that a much simpler prob- 
lem is presented to the artist who may be designing 
for appearance. 

Design efforts also had to be pointed toward ease 
of assembly and fabrication of parts, low-cost service, 
complete interchangeability of replacement parts, 
compactness, and light weight. The machine is com- 
posed, as much as possible, of parts fabricated by 
punch press and automatic screw machine, which can 
make parts in quantity, accurately and inexpensively. 
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SCANNING the Field For 


Atomic standards of length are now available 
to industry through the National Bureau of Stand- 
ards. They consist of spectroscopic lamps containing 
a single pure isotope of mercury 198 and will enable 
any research organization which has auxiliary optical 
equipment to have an ultimate primary standard of 
length. Measurement of length involves the optical 
technique of interferometry whereby the separation 
of two precisely flat plates is measured in terms of 
the number of wavelengths between them. Because 
the number of waves contained in any practical dis- 
tance is determinable without error and because the 
wavelength of the light from a single pure isotope 
of even atomic weight is sharply defined, accuracies 
of measurement heretofore impossible can be obtained. 

Shown below is Dr. W. F. Meggers, under whose 
direction the lamps are prepared, adjusting an optical 
system to observe the circular interference fringes of 
green light from the electrodeless mercury 198 lamp 
shown in the left foreground. Length measurements 
based on this interference pattern (background) can 
be made with an accuracy of one part in 100 million. 
About one milligram of the mercury is sealed in a glass 
tube and glows brightly when high-frequency radio 
waves are applied to it. The wavelength of light emit- 


ted is about 21 millionths of an inch and present 
measurements show that 1,831,249.21 wavelengths 
equal 1 meter. Life of the lamp appears to be infinite 
and it is 300 per cent more accurate than the wave 
length obtained from cadmium, the present official 
standard. 


Impact polishing produces mirror finishes 
quickly and consistently on both sides of a workpiece 
in the machine illustrated at top of next page. The 
equipment and method, developed by Nicholas Equip 
ment Co. for polishing cutlery, utilize the principle a 
removing metal from a surface by bombarding it with 
abrasive grit resiliently mounted on polishing rolls. 

These rolls are triple-pleated cotton 
buffs with grit and glue or buffing 
compound on their surface. When the 
rolls are revolved at high speed and 
brought sufficiently close to the work, 
centrifugal force brings the abrassive 
in contact with the work without 
using high pressure. 

With the rolls turning so that the 
polishing action is downward on each 
roll, the work is lowered and raised 
between them automatically aly 
number of times preset on a dial 
counter. This action is controlled by 
a hydraulic cylinder mounted above 
the roll drives. To prevent contintr 
ous polishing marks, the workholdet 
oscillates during each pass. 

Because each metal reacts different 
ly to the polishing action, the surface 


speed of the rolls, pressure and cycle . 


time are adjustable, to fit require 
ments for finishing. Reeves variable 
speed drives provide any speed desi 
ed between 2500 and 10,000 feet pe 
minute on 16-inch rolls. Screw ad- 
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justments position the rolls relative to the work to 
obtain the required pressure and speed of the work 
through them is governed by metering the flow of 
oil from the discharge side of the hydraulic cylinder. 
Length of stroke is controlled by adjustable strikes 
operating pilot valves. 

Each roll is driven independently so that the sur- 
face speed of each may be synchronized after wear 
causes a Variation in diameters. To aid the operator 
in synchronizing the rolls, ammeters are connected 
into the drive motor circuits and mounted in the ma- 
chine frame near the speed ajustment. When the 
loads indicated on the meters are equal, the surface 
speeds of the polishing buffs are also equal. 


Visual study models are useful for demonstrat- 
ing design features to prospective users as well as for 
analyzing motions or characteristics that could not 
ttherwise be studied. An interesting example is the 

~esent @iour-cylinder gasoline engine model shown below, il- 
ngths @lustrating the close tolerances which can be held and 
finite @the clear visibility attainable with acrylic plastics. 
Made by Philip A. Derham and Associates, the model 
is about 8 inches long, 6 inches deep and 41% inches 
wide, Block, cylinder head, crankcase, flywheel and 
motor mounts are machined from solid Plexiglas. The 
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timing gear cover is heat formed of the same plastic. 

Cylinders are bored to a tolerance of —0.0, + 0.001- 
inch at room temperature with the final finish at- 
tained by buffing and polishing. Bore is 1.218 and 
stroke is 1.125, giving a piston displacement of 5.24 
cubic inches and an AMA rating of 2.2 hp. Pistons, 
wristpins, connecting rods and valves are aluminum. 
Aluminum rings are designed to give a minimum 
scraping action. Crankshaft, cam shaft and main 
bearings are brass. Final polishing of cylinder walls 
and other surfaces was done with white chalk. 




















Television may be an invaluable aid to a machine 
operator who is required to control the co-ordination 
of processes which otherwise could not be watched 
simultaneously or which, for health or hazard reasons, 
are safer to control remotely. An example of the 
latter, employing a television camera installed over 
the mold in a continuous casting process at Babcock 
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& Wilcox Tube Co., is illustrated at left. A televigioy 
viewing screen at the control station fifty feet awa 
enables the operator to maintain the proper height , 
the molten metal in the mold, assuring the casting 
of dense and sound billets. Built by Diamond Powe 
Specialty Corp., the camera is connected by coaxis 
cable to the viewing screen and transmits an instap 
taneous and continuous picture to the control station 


Phenolic bearing surfaces on all sliding part 
of the Pratt & Whitney tracer-controlled milling ma 
chine, below, have eliminated the troublesome prob 
lem of wear, resulting from iron-against-iron bearing 
surfaces on slides. Scoring and wear on slides have 
plagued manufacturers, particularly builders of heavy 
equipment, because of the loss of accuracy resulting 
from the constant movement of heavy masses. 

Laminated phenolic plates, sliced edgewise to give 
an end-grain surface, are fastened to the slides of the 
column base, vertical slide, and spindle head. These 
provide for the horizontal, vertical and transverse mo- 
tions of the machine. Phenolic pins secure the plates 
to the castings and the surfaces are planed and pre 
cision scraped to their mating slides within the same 
limits of accuracy used for cast-iron bearings. Lead 
screws drive these heavy members through cast: 
phenolic nuts, giving a fit that will not freeze. 

Tests over a period of years show that bearing 
surfaces of phenolic against iron or steel will not cut 
or score the slides and lead screws. With prope 
lubrication, bearing life may be prolonged almost in- 
definitely. Besides the nonscoring and good wearing 
characteristics of phenolic, its heat insulating qualil”’ 
is important for operation under heavy weight. 
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Fig. 1—Above—Twenty-ton locomotive crane powered 
by a diesel engine. Rotate, boom luffing, double hoist, 
and travel motions are driven through a torque converter 


ANY locomotive crane men still feel, with Fig. 2—Below—Revolving superstructure with cab re- 
good reason, that steam is the best operating moved, showing operator’s position and main machinery 
medium. Steam transmits power substantially 
rithout shock— certainly without the shock associated 
ith the conventional geared and friction clutch drive 
if the internal-combustion engine powered locomotive 
rane, With steam power, too, the operator can 
turse” 2 load. By varying his throttle opening he 
“ay Vary the output, securing a balancing or cushion- P 
ng effect. -\- (im 
A compromise medium, the fluid torque converter, y ~ wT 4 
perhaps does not quite reach the ideal of cushioned A . TR 
andling of steam but approaches close to it without ; rN “a 
‘Ss many problems and nuisances. oe » ) 

article will discuss some of the problems of ; 
erating a locomotive crane and of applying internal- 
Be stion engine power to it, will outline the ad- 
‘antages to be obtained from a fluid torque converter, 
“¢ will follow with a discussion of a practical field- 
Moved application. Succeeding articles will discuss 
“verter design, the particular converter chosen for 
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this application, and why its design is well suited to 
these needs. 

Torque converters are not new. Their origin and 
first application go back to the work of Dr. Herrmann 
Foettinger who, at the Vulcan Shipyards in Hamburg 
about 1904, combined a hydraulic impeller and a 
turbine runner in the same case with a reactor element. 
Application was to steam turbine marine drives of 
large horsepower where speed reduction units of 
that time left much to be desired. An efficiency of 
85 per cent with a torque ratio of 5 was attained, a 
truly remarkable accomplishment for those days. A 
number of successful applications followed and, with- 
out doubt, the device would have been developed for 
much wider applicability if Parson’s geared reduction 





with its much higher efficiency and lower first cosfftis 
and maintenance had not been introduced about 19105 m 
It should be noted that while all the elements oftic 
the basic idea are contained in the Foettinger devicelf Ar 
all similarity to a modern converter ceases there, Ini sir 
this early unit both input and output shaft speed 
were substantially constant, as was also the trans#bu 
mitted power and, of course, the torque ratio. Thisica 
greatly simplied the problem of hydraulic designg§ th 
Application was to very large units, which meant thaiff op 
economy of manufacture and mass production require th 
ments did not have to be met. The general arrange§ hi 
ment was also widely different. mé 
In 1912 Dr. Bauer, also of Vulcan, developed a hy pli 
draulic coupling from the Foettinger device by omit len 
dif 
of 
for 
los 


Fig. 3—Power transmission system for the four crane motions—rotate, boom luffing, hoist, and travel 
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ting the “reactor” and applied it to diesel engine 

















t 1910 marine drives where it effectively damped the vibra- load. From this viewpoint the requirement is just 
ents off tions which were so destructive to reduction gearing. as severe. 

device An efficiency of 98 per cent was reported, and many Without doubt the greatest demand is on the pro- 

ere, Inf similar installations have been made. pelling or traveling clutches. .The requirements are 

speedgj About 1926, hydraulic couplings were applied to similar to starting a car, truck, or diesel locomotive 

trans busses in England, where their success led to appli- with mechanical drive, except that the duty is con- 

. Thisfcations in other machinery fields. In Sweden, in 1928, siderably more severe. Locomotive cranes are fre- 

design the well-known Lysholm-Smith converter was devel- quently used as switch engines, being required to 

nt thai oped. It has been applied widely in England and in maneuver as many as ten loaded cars. Obviously it 

oquireg this country for both on-the-highway and off-the- is not feasible to provide the power that would be 

range@ highway transportation equipment and other heavy available on a unit to be used for switching service 

machinery. A good deal of the delay in further ap- only, so that the rate of acceleration is not high. This 

a hy-@ plication has been due to the many mechanical prob- in itself means long slipping of the clutch to bring 

omit@lems of design and manufacture. There have been the machine to speed. 

difficulties in securing satisfactory sealing, with loss In addition, the diesel usually must be governed to 

om of fluid and the introduction of air which, with vapor operate at full speed in order to furnish the desired 

’ @formation, results in serious cavitation and marked hoist line speed and to rotate at the desired rate. 

loss of efficiency. Even where it may be permitted to “throttle back”, 

the speed may not be reduced too far because of loss 

Is Difficult To Match Requirements of engine torque with risk of “killing” the engine and 

a further reduction in acceleration. Slipping of the 

Design of a converter for varying input and output friction clutches, then, must extend over a consider- 

speeds and torque ratios but with a reasonably satis- able period, similar to starting an automobile in high 

factory efficiency, has offered many difficulties. In gear. It is particularly difficult to handle the ma- 

particular has this been true with speeds near syn- chine with delicacy, and there are resultant stresses 

chronous. Even assuming satisfactory design of and severe shocks on the entire traveling mechanism. 

blade shapes, it has been a problem to produce blades It is for all these reasons that steam has been em- 

of the required shape, in quantity and at low enough ployed as long as it has. With steam the operator 

be B cost to make wide application practicable. Added to may throttle down for starting a heavy load. He may 





bring the pistons of his engine up against the load, 
so to speak, and then build up steam pressure and 
thus build up his push without shock. In the same 
way he may, to a certain extent, balance his hoist 
loading requirements, although not to the point of a 





all this has been insufficient knowledge of the best 
methods of applying a converter to machinery. There 
has not been full realization of the need for designing 
the converter for the engine and the engine for the 
converter, and of properly applying the whole to the 
machine drive. 

Conventional locomotive cranes, Fig. 1, consist of a 
carrier (or carbody) capable of self-propulsion and 
a full revolving superstructure mounted on the car- 
rier. A boom is hinged to the superstructure and its 
angle may be varied. This superstructure, Fig. 2, Fig. a fe aps. ca 
carries the operator’s position, the power unit and governor control 
the main machinery. The usual machine is capable 
of four motions: rotating, boom luffing (changing 
the boom angle), traveling, and hoisting, Fig. 3. Since 
the first three have both forward and reverse motions 
and the last has two hoist drums, there are eight 
friction clutches to be manipulated in addition to the 
various brakes. This affords a complex control job 
for the operator and requires considerable mainte- 
hance for the friction clutches. 
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Duty Cycle Is Severe 


The duty on the boom luffing clutches is light and 
seldom constitutes a problem. Such is not true of 
the other three motions. The rotate motion must 
Start against a heavy inertia load under conditions 
Which often call for clutch slipping during a great 
Part of the cycle. Moreover, while a brake is always 
Provided, the almost universal practice is to “plug” 
toa stop. The hoisting clutches start a relatively 
low inertia load so their duty from a heat standpoint 
8 Not high, but many load-handling requirements call 
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complete stall. He may even lower heavy loads by 
allowing the load to pull the engine in reverse and 
using the compression of the engine to retard the 
load. 

Steam also affords a natural cushioning effect. The 
low inertia of its engine system tends to reduce the 
impact stress below the level developed in diesel and 
gasoline-engine operated machinery. This has been 
demonstrated in many cases of conversion from 
steam to internal combustion engines. Unless the 
change is laid out with care and the minimum size 
of engine is used, it invariably results in broken 
shafts and gears. Moreover, and more important, it 
usually results in an increase in the operating time 
te do a job. Steam also offers the decided advan- 
tage of a build-up in torque with drop in speed as 
compared with the diesel or gasoline engine where, 
below the peak, the torque drops off with increasing 
rapidity. 


Varying Torque Ratios and Cushioning Are Desired 


Obviously an ideal solution would be an internal- 
combustion engine with some medium for the trans- 
mission of power into the main machinery that 
would multiply the torque in varying ratios and also 
afford the same cushioning effect as steam. One ac- 
cessory which has been used frequently to partially 
meet the first requirement is the change-speed trans- 
mission. This is often inserted between the engine 
disconnect clutch and the main machinery. It is 
usually of three speeds, with normal operation 
through the second or middle speed. By dropping 
into low speed, a greater starting torque is obtained 
as well as a lower governed speed for manipulation. 
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By shifting into high speed, high travel rates are ob- 
tained. Frequently a reverse is provided for lower- 
ing heavy loads. 

Use of the change-speed transmission has been 4 
material gain in internal-combustion engine applica 
tions, but it has introduced other problems. The duty 
requirement calls for heavy transmissions and, in 
many cases, it has been necessary to build them es 
pecially for the job. This has meant high initial and 
maintenance costs. While constant-mesh type, jaw 
clutch shifting transmissions are usually used, the 
rotating parts are of such size as to make shifting 
while under way difficult. Also, the shock results in 
over-stressing of gears and shafts. 


Gear Transmission Requires Heavy Parts 


On some installations the change-speed gearing is 
put in the travel function only and is mounted in the 
carbody. This reduces somewhat the shocks and 
strains on the superstructure machinery. However, 
it requires a still heavier transmission wit! still 
heavier rotating parts to shift. Moreover, tlie col 
trol of the shifting, from the operator’s position in 
the rotating superstructure to the nonrotating car 
rier and into the gear case, has been difficult. It is 
already necessary to carry one or two air pipes 
through the rotating center, for the operation of the 
carbody brakes, and sometimes additional pipes f 
sanders and other accessories. Location of the tran’ 
mission under the carbody also makes it vulnerable 
serious damage. Locomotive cranes are used under 
conditions which lead to derails, and the undercar 
riage must be built to withstand such derailment with 
a minimum of damage. It is hard to build a sea! 
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Fig. 5—Left—Crane 
structure from 
corner opposite the 
tor, showing the 
converter power unit, 
iral bevel gear drive 
and floating shaft 
flexible couplings 


Fig. 6—Right—Twen- 
ty-five ton crane, 
showing the engine 
through access door. 
Power unit may be re- 
moved through this 
door for servicing 


case in this location which is of sufficient strength 
to withstand the entire weight of the crane and, in 
particular, to withstand the entire weight of the 
crane when dropped through a distance. Moreover, 
clearance dimensions must be met, and the case cuts 
into this space to the extent that it is difficult to 
lay out gears of sufficient size. 


Numerous Types of Transmissions Are Utilized 


Naturally there have been many attempts at solv- 
ing the locomotive crane problem. One that has re- 
ceived considerable attention and extensive applica- 
tion is electric transmission of the travel power. In 
one arrangement the diesel drives an electric genera- 
tor and, through the armature shaft of the generator, 
a silent chain drive sprocket supported by an out- 
board bearing. The chain drive transmits power into 
the main machinery for operation of the other three 
functions. The electric power generated is trans- 
mitted to two series-wound direct-current motors 
mounted one on each truck of the carrier, with drive 
by enclosed gearing into one axle of each truck. Func- 
tionally, this electric transmission of the propelling 
power has been successful. 

The electrical layout itself is, as a whole, relatively 
simple. Ward-Leonard control is commonly used, that 
is, the generator field current is varied to control the 
output voltage to the motors. This gives a smooth 
transmission of power with a minimum of electrical 
contacts and controls. The travel clutches are elim- 
mated and the necessity for carrying mechanical 
power through the rotating center of the machine is 
also eliminated. 

This electrical system is not, however, entirely free 
from mechanical problems. The geared reduction 
from the motors to the axles necessitates at least a 
double-reduction drive. The gear cases are subject to 
derailment damage because the location of the equip- 
ment on the trucks makes adequate reinforcement 
difficult. Two cases and motors are required, one on 
‘ach truck. It is also necessary to transmit the 
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electrical power from the revolving superstructure to 
the carrier, requiring a collector ring arrangement 
which introduces maintenance problems. 

The initial cost of electrical propulsion is higher 
than that of a geared drive. At first thought this 
seems surprising, the propelling clutches and related 
parts all being eliminated. However, almost as much 
mechanical equipment is required as in the conven- 
tional arrangement. The electrical equipment will 
vary from 50 per cent to as much as 100 per cent 
more in cost than the conventional geared drive. 
Nevertheless, it has offered enough of a functional 
gain to be used for severe-duty requirements, such as 
are present in steel mills, for example. 

Diesel-electric propulsion offers no help to the other 
three motions. They are still geared and employ 
friction clutches. Since, next to propulsion, duty re- 
quirements are most severe on the rotate clutches, 
cranes have been designed using an electric drive for 
rotate motions also. In the usual arrangement this 
has meant the incorporation of a second electric gen- 
erator, as well as a rotate motor, with generator field 
control. The reason for the second generator is be- 
cause field control could not be used if a common 
generator were employed. Instead it would be nec- 
essary to employ resistance control with its contac- 
tors, resistors, wiring, and other equipment. 

A compromise solution that avoids the high cost 
of the electrical system employs a fluid coupling be- 
tween the engine and machinery. In the usual ar- 
rangement the coupling is mounted on the engine 
flywheel, the power passing through a disk type dis- 
connect clutch and a three-speed transmission into 
the main machinery, just as described with the con- 
ventional geared machine. The disconnect clutch is 
necessary to permit shifting of the gears. Normal 
drive is through second speed as before, giving a low 
speed for extra traction, when required, and a high 
speed for travel. 

This design is an improvement in that it filters 
considerable vibration and torque peaks of the en- 
gine drive from the machinery. It is a mistake, how- 
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ever, to think of a fluid coupling as being a “soft” 
power transmission cevice, particularly as used here. 
It is unquestionably an improvement over the fric- 
tion clutch and it certainly does not entail the wear 
and maintenance problem of a friction clutch. How- 
ever, a fluid coupling operating at anywhere near full 
speed will not permit much drop in speed of the 
driven member so that its engagement with the load 
still leaves a good deal to be desired. 


Coupling Has Torque Limitations 


This is an important point that is well worth 
thought. As outlined before, except when car switch- 
ing or traveling alone, the engine must generally be 
operated at full speed. Now, a fluid coupling puts 
out exactly the torque put into it. But this does not 
mean that it cannot transmit more than engine peak 
torques. Momentary loads may be applied to the out- 
put shaft so as to borrow energy from the inertia 
system lying on the engine side of the coupling just 
as in a geared drive. At full speed the usual coup- 
ling will slip about 3 per cent under full load. With 
double torque load this slip will be nearly 6 per cent 
—not much of a cushion. 

Momentary overloads are developed in shifting the 
transmission gears, in harsh application of the pro- 
pelling and rotate clutches which leads to sudden re- 
versal of gearing, or in the hoist when the slack 
comes out of the line. In such cases momentary 
peaks occur, and the hydraulic coupling does not give 
much relief to these peaks. Actually, the fluid fly- 
wheel adds appreciably to the inertia of the system 
from which the transients can borrow. 


Converter Reduces Impact Loading 


As torque converters were further developed for 
industrial use it became natural to experiment with 
them in place of the fluid coupling and with the 
change speed gears completely eliminated. These 
converters offered all the advantage of the fluid coup- 
ling in eliminating engine cyclical vibration. It was 
also discovered that, even with the engine operating 
at full-load speed, there was an inherent softness in 
load shifts that was not present in the fluid coupling 
and which served greatly to reduce impact peak load- 
ings. At full load and 1:1 torque ratio, a typical 
converter application might show a slip of 10 per 
cent. At double torque load this slip may be 50 per 
cent or more compared with a coupling change from 
3 to 6 per cent. Shock to gears and shafting is al- 
most completely eliminated, as are impact and vibra- 
tion loads from the engine; and the duty on operat- 
ing clutches is greatly reduced. 

Moreover, the torque ratio change furnished a 
“change speed gear” with infinite steps and one which 
acted automatically without attention from the op- 
erator. On switching jobs the load could be applied 
so as to stall the output shaft, bringing its “shoulder 
against the load” just as was done with the steam 
engine, giving a smooth acceleration to high speed. 

However, early applications showed that the great- 
est virtue of the converter was also its greatest de- 
fect or so it appeared. It was difficult to secure uni- 
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formity in line speeds. This proved troublesome for 
load handling, particularly for bucket work. Contr 
became difficult, and operators found the action cop. 
fusing. In particular it was disconcerting in the 
early forms of converters where the 1:1 slip may ae. 
tually be as high as 40 per cent. Efficiency, too, at 
this point was as low as 60 per cent and dropped of 
from this value as the output speed increased. 
The first step in overcoming this trouble was the 
development of the automatic coupling-converter 
where the stator was allowed to free-wheel as syp- 
chronous speed was approached, so that full load 1:1 
ratio slip was brought up to 10 per cent or less and 
efficiency to over 90 per cent. This arrangement and 
action will be covered in more detail in a later article. 


Governor Controls Output Shaft 


The second step was the introduction of tail-shaft 
governor control, where the output speed was held 
constant and tke engine speed allowed to float—a case 
of the “tail wagging the dog.” This, coupled with 
a throttle control arranged to over-ride the governor 
to give the operator torque output control for car 
switching and speed control for high-speed travel, 
swept away the last problems attendant upon the in- 
troduction of torque converters on locomotive cranes. 
Details of how this is accomplished and its presenta- 
tion will also be left for a later article. 

Some idea of the results from the use of the con- 
verter with tail-shaft governor control may be gained 
from an examination of the curve in Fig. 4. The 
tail shaft is governed to 600 rpm. The curve shows 
engine speed versus output torque in per cent of full- 
load torque. Under idle conditions the engine runs 
at near shaft speed. As the load is applied the en 
gine speed increases to develop the power needed, 
the converter automatically furnishing the torque 
ratio required to handle the applied loading. The 
engine runs no faster than needed. 

Equipment arrangement is shown in Fig. 5, a vieW 
of the crane superstructure from the corner diagonal- 
ly opposite the operator. The converter is mounted 
on the engine flywheel with its housing bolted to the 
flywheel housing to furnish a complete unit type 
power take-off. The engine sub-base carries the con- 
verter hydraulic sump, and the heat exchanger for 
disposing of the converter heat to the engine cooling 
water may be seen. This sub-base carries a complete 
power unit consisting of the engine with al! its ac 
cessories, radiator, fan and drive, air cleaner, tachom- 
eter, controls, etc. An engine-mounted air compres 
sor supplies air for the clutch controls. 

Drive from the tail shaft is through gear type 
floating shaft flexible couplings into the spira! bevel 
gear drive mounted in the oil case that may be see? 
at left center, Fig. 5, and thus into the main ma 
chinery. By simply sliding the coupling sleeves back, 
the entire power unit may be removed for servicing 
through the access door seen in Fig. 6. 

The next article in this series will present briefly 
an analysis of the fluid action in couplings and com 
verters to illustrate this particular application. The 
third article will show how the combined throttle and 
tail-shaft governor control was developed. 
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long been a classic pursuit of kinematicians. 

An excellent survey of this subject was given 
teently by H. G. Conway! in MACHINE DEsIGN. That 
review included the four-bar linkages of Watt, Rob- 
rts and Tchebicheff and the six to ten-bar systems 
of Peaucellier, Hart, Sylvester, and Kempe. Though 
inttiguing in their theoretical aspects, the latter 
mechanisms are quite complicated and, because of 
the many joints or pivots, not as feasible in realiza- 
ti as the four-bar linkages, which have all found 
practical applications. To this group of simple link- 
ages can be added other straight-line mechanisms 
that are easily applied. These systems, all reported 
inearlier literature, are described in this article. 

For obtaining straight-line motion with simple 
mechanisms, the following possibilities exist: (1) 
mechanisms derived from the elliptical trammel or 
the circles of Cardano; (2) mechanisms derived from 


es 


‘References are tabulated at end of article. 


= that give straight-line motion have 
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Fig. 1—Elliptical trammel, a basic 

mechanism from which various 

linkages that give straight-line 
motion can be derived 


Motion 
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that producing the conchoid; and (3) four-bar link- 
ages and derived mechanisms. 


ELLIPTICAL TRAMMEL DERIVATIONS: The elliptical 
trammel, Fig. 1, consists in its usual form of two 


guideways fixed in the form of a cross and a bar 


which slides with two points in the guides. Then, 
every point of this member describes an ellipse with 
the exception of the two guided points which lie on 
straight lines and the center which describes a circle.” 
One of the guideways may be omitted and the mem- 
ber A guided by bar B which, on one end, is fixed to 
the middle of the member and, on the other, is fixed 
in the center of the guideways. Thus, an isosceles 
slider-crank mechanism, Fig. 2a, has been formed. 
End p of bar A describes an exact straight line. From 
this linkage an approximate straight-line mechanism, 
Fig. 2b, may be derived by fixing link B’ at any arbi- 
trary point q’ and making the length of B’ equal to 
the radius of curvature r of the ellipse at point q. 
Thus, in a limited range a good approximation is ob- 
















Fig. 3—Above—Second form, a, and third form, 
6, of approximate elliptical movement 














tained. Point q’, instead of being between the sli 
and point p, may be placed beyond point p, Fig, % 
or beyond the slide, Fig. 3b. Mechanisms of Figs, % 
and 3b are known as approximate elliptic linkages of 
the second and third form, whereas Fig. 2b is a mech. 
anism of the first form. 

These mechanisms, in contrast to those shown in 
the original article, have a sliding pair, the last 
vestige of the elliptical trammel. Evans has replaced 
this sliding pair by another link C, Fig. 4. This mech- 
anism is frequently used on engine indicators, and 
may be used in the second and third forms as indi- 
cated in dotted lines in Figs. 3a and 3b. Actually, 
these mechanisms are four-bar linkages which wil 
also be mentioned later. 


Special Hypocycloid Applicable 


The elliptical trammel, Fig. 1, and its adaptation 
in Fig. 2, may be considered from a more general 
viewpoint, Fig. 5. Here, the centrodes of the move- 
ment have been drawn. For the elliptical tramme 
the fixed centrode becomes a circle with radius «4. 
The movable centrode is another circle with radius 
14a. As it rolls along the inside of the large fixed 
circle, it always passes through the center of the 
large circle and the two points p and p’ move along 
the axes of the large circle just as two points slid 
along the guides of the original mechanism. The re 
markable property of this mechanism of interest in 
this connection, however, is that any point on the 
periphery of the small circle describes, during rolling, 
a straight line passing through the center of the 
large circle. The basic principle of this system is 
called the “circles of Cardano.” The best know 
mechanism of this kind is an external pinion rolling 
within an internal gear of twice the pinion diameter 
—a special type of epicyclic gear. This hypocycloid 
mechanism seems to have been first described by the 
English engineer, James White, about 1800. It has 
been used extensively in printing machines up to the 
present day because it gives a long stroke. 


CONCHOID DERIVATIONS: For mechanisms of this 
type use is made of a mechanism for the generation 
of the conchoid of Nicomedes, a curve of the fourth 
degree with the equation: (x?+y?) (x?—b*) = 
a*x2, The mechanism is the angle-slide chain, Fig. 
6a, a derivation of the four-bar linkage with two 
sliding and two rotating pairs. Every point on mem: 
ber A of the mechanism, Fig. 6a, describes a conchoid 
which near the horizontal axis has a curved form 
followed by an inflection point. Therefore, slide § 
may be replaced by a member B resulting in th: mech 
anism shown in Fig. 6b. Again, the junction of 4 
and B may be varied in position as explained with 
the approximate ellipse movement. 


FouR-BAR LINKAGES: The most importani link 
ages of this type have already been discussed in the 
original article.' However, Fig. 7 shows 2"0l 
form of Watt’s mechanism in which the straig.t- 
lies outside the points guided on arcs. This ap} 
mate straight-line mechanism might also be « 
ered a variation of Evans’ linkage shown in / 

Geometrical considerations on linkages by Kemp* 
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Fig. 6 — Above — Angle-slide 
chain, 4, from which conchoid 


mate straight-line motion 


Hart and Sylvester have led the German geometrician, 
L. Burmester, to further investigations of the nature 
of the curves described by the connecting link of four- 
bar linkages. He developed an ingenious geometrical 
system, published in 1888*, which permitted deter- 
mination of such curves containing straight sections. 
This theory was further developed by R. Mueller in 
different papers between 1891 and 1902. Since the 
scope of straight-line mechanisms in engineering is 
admittedly restricted, his investigations and results, 
ably redemonstrated by R. Beyer* in 1931, remained 
an interesting piece of geometrical thought. But with 
the advent of efforts to synthesize mechanisms, in 
particular to construct four-bar mechanisms for given 
conditions, the work of Burmester was again used by 
M. Gruebler and H. Alt who designed linkages with 





Fig. 7—Right—Four-bar 
linkage, 6, is derived for approxi- ok cee oe 
proximate line movement 


one member for ap- 


members that for some periods come to a standstill. 
The development of these mechanisms is not yet con- 
cluded, but they opened many applications to linkages 
where formerly only periodic mechanisms such as 
cams, ratchet and indexing gears could be applied. 
Therefore, the intensive occupation with straight-line 
linkages proved not in vain, but in some respects 
served as the foundation for new and interesting 
practical developments. 
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Reheat Burner Gives Planes Added Punch 


DDED thrust for Air Force planes is available 
through the use of the elongated General Elec- 
tie jet engine which burns additional fuel in a “re- 
heat” burner in the tail. By burning fuel in the tail- 
pipe, in a method called “exhaust reheat,” the thrust 
ow driving force of the engine is increased. The aug- 
mented engine was developed by the company’s air- 
‘raft gas turbine divisions at Lynn, Mass., and is be- 
ing test flown in the North American F-95A, a higher- 
fying and extensively modified version of the F-86 
it fighter which holds the official world’s speed rec- 
ord of 670.981 miles per hour. Another experimental 
reheat power plant has also been test flown in the Re- 
bublic XF'-91, 
The experimental reheat engine has a special nozzle 
at the end of the tailpipe, a clamshell-like device 
ugh which exhaust gases are discharged. The 
Movable lips, automatically controlled, change the 
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area through which the hot gases must pass to ob- 
tain optimum performance from the engine under 
varying flight and power conditions. The illustra- 
tion shows a comparison of the new engine with the 
old J-47 production model jet engine. 





Fig. 1—Above—Magnetic-fluid clutch servo utiliz- 
ing iron separator and pump between shaft seals 


Fig. 


2—Below—Test equipment 
commercial shaft seals 


for checking 
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By J. Rabinow 


National Bureau of Standards 
Washington, D. C. 


NIQUE features. of the magnetic-fluid clutch, 
originally developed by the National Bureau of 
Standards in 1948, have made it the subject 
of extensive investigation in both Government and 
industrial laboratories. As a result, valuable informa- 
tion has been obtained on a number of design prob- 
lems—such as heat dissipation, settling of the mag. 
netic powder, and hermetic sealing—which are im- 
portant in industrial applications. This article wil 
deal primarily with shaft seals for this clutch, Fig. 1, 
but because the sealing problem is related to other 
features of the clutch these will be reviewed first. 
The clutch is based on the principle that the fric- 
tional forces between solid surfaces and certain types 
of fluid media can be controlled by the application of 
magnetic fields. In its simplest form, the device con- 
sists of two parallel magnetic plates separated by 4 
powder composed of finely divided magnetic particles. 
When a magnetic field is established between the two 
plates, the magnetic particles bind the plates against 
movement parallel to their surfaces. Though simple 
in principle, the development of an industrially ac- 
ceptable clutch is quite another matter. Many prob- 
lems, too numerous to mention here, arose after the 
original successful experiments. Some of the prob- 
lems are similar to or identical with those present in 
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other clutches but others are peculiar to the magnetic 
fluid clutch. 

Like all others, this clutch must dissipate energy 
when slipping. The only time a clutch does not do 
this is when it is either completely disengaged, result- 






















































itch, ing in a zero torque condition, or when completely 
u of locked, resulting in zero relative speed between mem- 
Jet B bers. At all values between these two extremes, it 
and will be transmitting some torque at some value of 
‘mé § slip. Since torque in a simple clutch—distinguished 
rob Bt from torque converters—is the same on both shafts 
nag Hand since the speed of the two shafts is different 
im @ under conditions of slip, the power output is not equal 
will to the power input. Expressed in per cent, the dif- 
I 1, Bt ference in power is the same as the difference in the 
ther two speeds. This kind of operation requires that the 
Rs clutch dissipate the difference as heat, a requirement 
TI § which is true of all clutches irrespective of type. 
a Development of the magnetic-fluid clutch has drawn 
1 of attention to this problem because it can be built in 
eal very small sizes and may be slipped without harm if 
4 the effects of heat can be overcome. To dissipate 
nea heat requires operation at elevated temperatures and 
a this gives rise to several difficulties. One is the de- 
ple terioration of the materials from which the clutch is 
i. made ; examples are breakdown of insulation, oxida- 
a. tion of the metal parts, evaporation or polymerization 
the of the lubricant, dimensional changes of the parts, 
we expansion of the air and liquid contained within the 
in clutch, breakdown of gaskets, etc. An obvious way 
| to overcome some of these difficulties is to make the 
clutch large in relation to its power capabilities so 
as to reduce the operating temperature. Cooling fins 
and other expedients well known to the art can also 
be employed. Another approach is to use materials 
) that will tolerate the highest possible temperatures. 
is This can be carried only to a certain point, and does 
: hot help to minimize breathing and oxidation of the 


lubricant and iron powder. However, these solutions 
are not always satisfactory, particularly for military 
applications where small size and weight for a given 
horsepower rating are extremely desirable. 

Early in the work it became apparent that her- 
metic sealing of the clutch mechanism would be de- 
sirable, Such sealing is employed in the fluid coup- 
lings used in automobiles. The difficulty, however, 
Was that no known shaft seals were suitable for this 
application. It was found that the iron powder would 
Soon abrade and destroy any of the seals tested. 
Certain expedients could, of course, be used to keep 
the powder out of the seal. These include mounting 
the clutch with the shaft vertical so as to make use 
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of the force of gravity, and the use of centrifugal 
slingers, labyrinths, spiral threads on the shaft, etc. 
Again, none of these is satisfactory for all conditions 
of clutch operation. Manufacturers of shaft seals 
and many firms engaged in handling abrasive mix- 
tures, such as paints and ceramics, were queried but 
no shaft seal suitable for the magnetic-fluid clutch 
was found. Research was therefore undertaken to 
develop a special seal. This work was sponsored by 
the Bureau of Ships, Department of the Navy, and 
culminated in the seal to be discussed. 

Equipment used in this development followed a 
standard pattern. A drill press was used to rotate 
shafts passing through the bottoms of brass fixtures, 
Fig. 2. These fixtures were provided with various 
types of seals and filled with mixtures of carbonyl 
iron and oil. The shafts were driven at different 
speeds and leakage through the seals could be ob- 
served readily. Some of the fixtures were provided 
with covers so arranged that air pressure could be 
applied to the top of the iron-oil mixture to simulate 
pressures developed due to temperature rise in actual 
clutches. Various types of seals were tested such as 
standard rubber packing, O-rings, felt seals, and 
special Teflon seals but none proved successful. A 
double-shaft seal with clear oil between the two seals, 
Figs. 3 and 4, worked for a short time until the quan- 
tity of the oil between the seals diminished due to 
leakage. Then this combination behaved like all the 
others. A type of shaft seal yet to be tested is a 
spiral brush or rubber seal, made to contact the shaft 
in such a way that the iron powder is swept or 
squeegeed along the shaft toward the inside of the 
clutch. This sweeping action, followed by a standard 
seal, may be suitable for some applications. It would 
not serve where the clutch has to be shipped or op- 
erated in any position and where centrifugal action 
cannot be depended upon to keep the iron powder 
mixture from the shaft. 

Magnetic shaft seals also were tested, Figs. 5, 6 
and 7. Various types of magnets were attached to 
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ee 


Fig. 9—Left—Section through 
clutch showing early model of 
seal which led to pe eee of 

final seal . 





Fig. 10—Right— etic-fluid 
servo clutch using eee in 
sectional view in Fig. 9 


the ends of shafts and located slightly above the open- 
ing in the bottom of the fixture. It was found that, 
when the shafts were revolving, oil and iron would 
always get through the magnetic seal. Both per- 
manent and electromagnets were tried, the latter be- 
ing supplied with both direct and alternating cur- 
rents. One of the interesting phenomena, however, 
was that when the shaft was not rotating, only clear 
oil passed through the magnetic gap and all the iron 
was retained in the fixture, as in the well-known 
magnetic separator. This rediscovery led to the 
final development of a successful shaft seal. 

It was fairly obvious that if clear oil could be con- 
tinuously pumped toward the inside of a clutch along 
the shaft surrounded by an ordinary rubber seal, iron 
particles would be continuously washed back into the 
clutch and would thus be prevented from getting 
under the rubber and harming the seal. The prob- 
lem was to get the oil out of the clutch again so that 
this process would be maintained indefinitely. The 
magnetic separator provided the answer. The seal 
as finally developed is shown schematically in Fig. 8. 
The clutch shown is provided with an auxiliary cham- 
ber containing clear oil, and the whole system is 
sealed by a second seal operating only in the clear 
oil. Seals for the latter are commercially available. 

It was feared that a permanent magnet ring in the 
clutch might attract all the iron powder, thus mak- 
ing the clutch inoperative. For this reason the mag- 
net was so shaped and located that centrifuga! force 
would tend to throw the iron away from the magnet 
and into the working gaps. Also, a rather weak 
magnet was employed in the first model, Figs. 9 and 
10. This did not prove successful but showed prom 
ise. A second model was built having a strongly maég- 
netized ring magnet with a very short working 2aP 5° 
that its external field is small. 

A test model of this magnetic filter was built using 
a loud-speaker magnet, Fig. 11. Provisions were made 
to apply hydraulic pressure to the filter, Fig. 12. It 
was found that this magnetic separator worked eX- 
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ellently, permitting only clear oil to pass through 
the gap. 

Because of the concentration of the field in the gap, 
little iron was actually attracted from the outside and 
the magnetic filter did not clog. Centrifugal action 
pen- and the action of the magnets of the clutch itself 
that, @keep most of the iron powder where it is needed. The 
ould @ clutch using this structure is shown in Figs. 13 and 1. 
per- @lt was tested continuously under conditions of slip 
- be- @ from 0 to 200 per cent, i.e., with the shafts driven in 
cur- @ opposite directions, for more than 200 hours without 
ver, @ any iron passing either seal and with the oil in the 
lear second chamber remaining perfectly clear. 
iron When this clutch was first tested it was completely 
own @iilled with oil and, as expected, the rise in tempera- 
the § ture expanded the oil, creating internal pressure and 

causing leakage through some of the gaskets. This 
con- @ Was rectified immediately by partial filling of the 
ong § clutch. Centrifugal force threw the oil and the mix- 
iron @ ture outwardly so the shaft ran dry and the flushing 
the § action in the inner seal ceased to function. A pump was 
ting then added to the clutch, and so positioned in the 
rob- clear oil chamber that the oil was at all times car- 
hat §ted from the rim of the auxiliary chamber toward 
The § the inner shaft seal and forced along the shaft into 
seal the clutch housing, Figs. 8 and 13. The pump is of 
. 8. Bi the simple impeller type as can be seen in the illus- 
am- @ tations. Other types of pumps may, of course, be 
is § Wed. The outside seal in the model is a duplicate of 
ear Mj the inner seal, that is, a rubber ring seal around the 
ble. shaft, since such seals were readily available. For 
the ff long-life, high-pressure applications, proper seals of 
ak- @§ the axial type would be more desirable. 
ag- This composite seal is undoubtedly somewhat com- 
ree & plicated and expensive, but if made in quantity as a 
net § Package unit, its cost should become comparable to 
ak Mi that of the other components in the clutch. Such a 
nd @ Package could consist of a housing containing both 
m- §§ the inner and outer seal, the magnetic filter, and the 
ag- Ol circu! ating pump. By careful design, the overall 
s0 Size of the assembled unit could be kept within rea- 
sonable limits. 
ng Bagh ul acknowledgment is given to Israel Rotkin, 
de § 4 Duncan Saunderson and James Palmer, all of the 
Bureau staff, who have done most of the work on the 
Magnetic-fluid clutch seal. : 
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Fig. 11—Axial-flux magnetic sep- 
arator. Gradient is toward 
gap all around the shaft 





Fig. 12—Below—Test fixture for magnetic-iron separa- 
tor using axial field 








Fig. 13—Below—Magnetic in 
Fig After 200-hour test oil in chamber re- 
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Automatic Loader Speeds Plastic Press : 

the 

tric 

OLDING press, operating automatically and loading mechanism is reversible for mounting on bei 
continuously, increases production rates of either the right or left side of the press frame, and § ver 
plastic moldings. Developed by Elmes Engineering up to four loading units may be used for multiple Bing 
Division of American Steel Foundries for the new cavity dies. ope 
low-pressure, fast-setting, mineral-filled alkyd resins, Two 1350-watt, 10-inch square aluminum hot plates, § pre 
the press, illustrated below, has a hopper feed device carried on the platen and lower resistance head, have § ute 
which loads material into the die cavity. As the cast-in heating elements. Bottom plates are drilled to Mera 
press platen moves down, a turnbuckle linkage folds permit passage of the knockout rod, which is automat- § ins 


the two-piece chute which pivots at its upper end and ically sequenced on the return movement of the 
moves out of the die space to the position shown by 
dotted lines in the drawing, below. The charge is 
metered by a device which is actuated by a rack and 
pinion engaged by a fork or trip arm carried on the 
press platen. 
Adjustments are provided for amount of charge, 
the point at which charging occurs, and the chute 


*. i 2 
travel. The nose end of the chute is guided on a we 
chute slide, clamped to one of the press columns. The 7 in. te \ 
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platen. The molded part is first removed 
fom the die by the air-operated knock-out 
rod and is then ejected from the die area by 
an air blast bypassed from the knock-out cyl- 
inder. 

Controls are simple. A pneumatic timer is 
the only relay type unit employed in the elec- 
trie circuit, the remainder of the functions 
being controlled by limit switches and con- 
ventional manually operated switches. Mold- 
ing pressure is obtained from air or water- 
operated cylinders, with an adjustable timed 
pressure dwell of from 0.3-second to 3 min- 
utes. In addition to the automatic press op- 
eration, single-cycle controls are provided for 
insert molding. 


Humidistat Controls 


Dehumidifier 


UTOMATIC humidity control unit shown, 

above right, will hold the relative hu- 
midity as low as 15 per cent in a 10,000-cu ft 
sealed storage area. This Dryomatic unit re- 
moves moisture by adsorption and is con- 
trolled by a humidistat set for the desired 
relative humidity. Air is drawn from the 
fom through a dust filter by a fan which 
forees the humid air through a moisture filter 
Which adsorbs the moisture from the air, cut- 
away view right. The dried air is then dis- 
tharged back into the room. After the chem- 
ills in the moisture filter become saturated, 
they are automatically dried by a timed re- 
activation cycle. In this process, the fan 
continues to run and a timer-controlled sole- 
noid valve mechanism closes the dry air out- 
let and opens the moisture outlet. An elec- 
ite heater then heats the saturated chem- 
tals, evaporating the adsorbed moisture 
Which is exhausted outside the room. After 
‘tis chemical drying cycle has continued for 
about 40 minutes, the valve mechanism auto- 
> igal shifts back to the room-drying 
ycle, 
The dehumidifier will run continuously dur- 
ng the initial dry-down period until the ex- 
ee. Moisture has been removed. Then, the 
wut turns off and on to maintain the humid- 
ty set on the humidistat regulator, in the 
manner of a thermostat. This model removes 
one gallon of water per day at 70 F and 50 
ber cent relative humidity. 
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Mill-Broach Cuts 


Machining Time 


ACHINING time on automotive exhaust mani- 

‘fold is reduced considerably by combining two 
operations in a single special-purpose machine. The 
Cincinnati Milling and Grinding Machines Inc. rotary 
mill-broach, below, has cut total cycle time—rough 
milling and finish broaching of three port pads—to 
0.3-minute per manifold. Parts are loaded on a 36- 
inch diameter rotary table, right, and indexed to the 
milling position. A hydraulically-operated ram ad- 
vances the three-spindle 210-rpm milling head for the 
milling operation. Then the spindle carrier is raised, 
the ram retracts and the table indexes, carrying the 
manifold under the stationary broach to the unload- 
ing position. Approximately 44-inch of stock is re- 
moved by the milling operation and about 0.007-inch 
by the broach. 


CINCINNATI | 


: 


Ce 


Milling cutters 


Broach 
holder 


Lood & unload station 
ET od 


ASS tS ORR AE i ati 
Le ie iad tio aee yg nr, i ORR . 
ME IB haar EE On eee . 


%s 
May, 


2 ete eS 
oS 


MACHINE DESIGN- June 1% 








ONTEMPORARY 
ESIGN 


IZE of the G. A. Gray Co. 8-inch floor type hori- 

zontal boring, drilling and milling machine, be- 
low, does not impair its precision. Power position- 
ing of the head and column, for instance, is accurate 
to 0.00025-inch. Spindle has four speed ranges, up 
to 600 rpm, with six speeds within each range ob- 
tained through hydraulic planetary gear shifts. 

One of the unusual fé&tures of this machine is the 
fed bar device, drawing below, using two feed 
screws. Each of these feed screws carries a sleeve 
or nut, rather than a conventional single.feed screw 
and sleeve-and-pinion arrangement. This design elim- 
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Boring Machine 
Features Long Feed 


inates a loose sliding member and permits continuous 
uninterrupted feeds up to 84 inches, approximately 
doubling previously available feeds on machines of 
this type. Also, feeding pressure is concentric with 
the bar axis and, therefore, there is no tendency to 
wear the bar bushings bell-mouthed: In addition, po- 
sitioning and boring of long holes is facilitated by 
the elimination of “taking another bite” on the bar. 

The boring machine saddle in the photograph below 
shows the underside of the saddle which is provided 
with nonmetallic ways. These laminated plastic bear- 
ing surfaces minimize the possibility of scoring guide 
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surfaces and permit hitherto prohibitive unit beg, 
ing loads which are sometimes encountered when 
machine is not properly leveled. The lubrication gy 
tem supplies an anticipatory shot of oil to bearing 
surfaces prior to the start of feed or traverse anj 
during machine operation, a continuous stream of oj 
is also supplied to these bearing surfaces. 


Whiteprinter Production Is Increased 


OMPLETELY new continuous automatic White- 

printing machine, the C. F. Pease Co. Pace- 
maker, below, is designed for both printing and de- 
veloping ammonia type whiteprints from cut sheets 
or rolls at speeds to 32 feet per minute. A cross 
section drawing through the machine, which handles 
material up to 42 inches wide, is shown, below right. 
One unusual feature is the adjustable contact device, 
which enables the operator to select either sliding- 
revolving contact or straight revolving contact be- 
tween paper and the light drum, whichever is most 
desirable for the particular type and size of work 
being reproduced. 


Separation of tracings or original copy from thé 
sensitized material is automatic, with exposed print 
being conveyed into the developer section while the 
original is returned for additional feeding. At the 
separation point, the traveling belt is carried overa 
suction tank where the paper is pulled from the trae 
ing by vacuum in the tank. 

A scraper peels the tracing from the revolving 
light drum and delivers the tracing to the receiving 
tray. Instantaneous and positive speed control i 
provided through a GE Thymotrol drive and add: 
tional adjustments in exposure time can be obtainei 
with a light shutter. 





a 


P< 








eet in aaa 
position 


SS ee eee) 


i 


oni 


awww 








Scams? facies wetatnesbetetee 
*. 




















mw we wm ww wwe 


en 


F ad ee Cee ee a Pa ao 
De sto gums, Sgulies 
Ray See Rt eM Lees 8) 
Vian ey SI eS oy 
edreiey okaica os See 


NE ae, Fe 


MACHINE DESIGN—June 195) 











plication, a revolutionary pow- 

er transmission chain drive em- 
ploying new design principles has 
been developed by the Morse Chain 
Co. It provides a power transmitting 
medium that combines the dependa- 
bility of a gear drive with the smooth- 
hess of a belt. Single drive units are 
capable of transmitting as much as 
3000 horsepower at linear speeds up 
to 6500 feet per minute or rotative 
speeds up to 3600 revolutions per 
minute. One chain drive, two inches 
wide, has transmitted as much as 500 
horsepower. 

This chain, called Hy-Vo, emerged 
48a result of a new design for a 1500 
hp, 600 rpm, electric-powered, port- 
able oil drilling rig which required a 
PoWer transmission drive beyond the 
capabilities of any in existence at the 
time, Fig. 1. 

Secret of performance is a chain- 
and-sprocket engagement principle 
that Virtually eliminates what is 

own as chordal or polygon action 
‘ommon to the usual chain drive, Fig. 

This bumping, slapping, jerking 
action and vibration eventually 
fatigues a chain, leads to drive fail- 
wes, and generally shortens chain 


() nicatio broad new fields of ap- 
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Chain Drive 


... employs new engagement prin- 
ciple to eliminate chordal action 


Fig. 1—Above—Chain drive enabled Emsco Derrick & Equipmet 
is ‘pane af 


Co. to construct the first diesel-electric oil ri 


drilling holes to 20,000-foot depths and operating twice as fast 
with loads three times those previously considered possibl 


Elongated pitch 
of Hy-Vo chain 





Fig. 2 — Elon ted 
pitch of articulated 
chain wraps sprocket 
outside of the pitch 
circle, while conven- 
tional chain wraps 
sprocket inside 





Fig. 3—Solid line shows con- 
tour of sprocket —_ ae 
the superimposed roken line 
indicates the outline of a 
standard silent chain tooth 
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Fig. 6—Chart showing capacity rating of Hy-Vo chain 
drives based on continuous service with pressure spray 
lubrication and hardened sprocket teeth 


life. Sprockets for the chain also are new in design. 
Tooth form resembles that of involute gears, a curved 
involute tooth engaging the chain links with con- 
jugate action, Fig. 3. 

The new chain incorporates compensating rocking 


138 


joint with special design features for eliminating 


slippage and wear, Fig. 4. During chain articulation, 


the joint shifts the pitch line automatically, engaging § 


the involute sprocket teeth in such a way that the 
chain follows a path truly tangent to the sprocket 
pitch line, Fig. 5. The result is a smooth, almost 
vibrationless action. Pitch elongation or “stretch” 
has been eliminated to the extent where it is virtual- 
ly unnecessary to provide any means of take-up for 
the chain. 

At high chain speeds, working loads twice as greal 
as those normally used can be applied during sus 
tained operation. This is due to the elimination of 
the chordal action that usually limits working load 
and maximum rotative speed. With full loads at any 
speed, the drive is extremely quiet, runs coo! at all 
speeds and has an efficiency of over 99.5 per cent. 

This chain in no sense replaces present roller 
silent chain drives, but supplements them. It is de- 
signed specifically for speed applications hig)er than 
those possible with conventional chain drives. A 6 
inch Hy-Vo drive, for example, will do the work of # 
24-inch belt. A general idea of chain capacity © 
be gathered from the chart in Fig. 6, which gives 
horsepower and speed values. 

At present Hy-Vo drives are being produced in one 
inch, one-and-one-half inch and two-inch pitches, - 
the most commonly required chain widths. 


MACHINE Design—June 195! 








Designing a 











Wotor For High Production 


By John L. Moody 


Research Engineer 
Friden Calculating Machine Co. 
San Leandro, Calif. 








ESIGNERS of office machines must design, re- by engineers of the Friden Co. almost entirely of 


D 


design, and conceive continually to lower the punch press and screw machine parts. 

cost of machines that have become so highly It was necessary, of course, that the motor be de- 
competitive that low initial unit cost is mandatory. signed so that there would be a minimum number of 
To achieve this end, good design for production is im- parts. Also, the parts had to be kept as simple as 
perative. The motor shown in Fig. 1 was designed possible to expedite tooling. The first problem was 





Fig. 1—Redesigned motor and component parts. Simplicity, interchange- 
ability and savings in materials were enhanced by improved performance 
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the design of a sturdy fabricated frame. Sufficient 
strength was required to hold the field lamination 
assembly and front and rear bearings closely enough 
to maintain an air gap of 0.015-inch between the 
inside diameter of the field laminations and the out- 
side diameter of the armature. 

As is obvious from the illustration, the two end 
plates of the motor are identical sheet-metal parts 
made by one blank-and-pierce and one form-die oper- 
ation. The end plates are held together by four auto- 
matic screw-machine tie rods which also serve to 
maintain the field lamination assembly in place by 
passing through reamed holes in the lamination as- 
sembly. To eliminate line reaming the bearings for 
the armature shaft, the bearings were pressed into 
small housings and the housings in turn pressed 
through openings in the end plates. This gave the 
effect of self-aligning bearings, eliminating the costly 
operation of assembling the main case with the two 
end shields and line reaming before completely as- 
sembling the motor. 


Composite Design Employed 


The problem of fastening the motor to the calcula- 
tor base was solved by forming on the end plates 
ears with die-pierced holes which are later tapped. 
Since the hole locations had already been established 
by motors formerly used and were not equidistant 
from the ends, each end plate had to be made with 
two sets of holes so that all end plates could be pro- 


duced as identical parts by the same die. Formed egy 
also were used to accommodate the commutator br 

caps, even though on one end plate the ears are y 

required. The brush holders are formed from 0.033 
inch sheet brass and are riveted to the rear end plat 
with suitable insulation. 


Improved Operation Obtained 


Armature and field laminations are made simul 
neously in a_ six-station combination progressiyg 
pierce-and-blank die, as shown in Fig. 2, from 0.02} 
inch silicon-steel strip stock. The die, made of 
high-carbon, high-chrome steel, will run approxi 
mately 90,000 pieces before resharpening. Each pre 
stroke produces one armature and one field lamina 
tion and 11,000 complete sets are produced per hour, 
The six stages of progression can be observed readily 
from the partially finished strip shown silhouetted 
against the upper portion of the die in Fig. 2. The 
armature lamination is completely finished in the 
third progression while the field lamination is not 
finished until the sixth. 

In addition to reducing the overall cost of the 
motor, critical materials are saved and productim 
enhanced. Of equal importance, however, is the dit 
tinct advantage gained from this type of motor d& 
sign. Heat-rise tests proved that the open construe 
tion made it possible to dispense with a cooling fam, 
which further reduced the original materials, fab 
ricating and assembly cost. 


Fig. 2—Pierce-and-blank die employed and strip showing 
progression to field and armature lamination on each stroke 
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EVALUATING ENGINEERS 


‘“*...for evaluating creative engineering it 


becomes necessary to reach out beyond the 


horizon of repetitive work .. .” 


HILE the present rearmament program of necessity requires con- 
siderable creative engineering talent, it is equally important that all 
key industry engineering staffs be kept intact. The creative engineer can 
make his contribution just as effectively, and in some instances moreso, 
in his normal employment environment. Being accustomed to the un- 
certainties and fluctuations commonly encountered in creative engineer- 
ing, however, design engineers may be attracted by higher pay, leaving 
their erstwhile employers without adequate or trained engineering staffs. 
Sound job evaluation and merit rating properly employed in creative 
engineering may provide the answer for, when the engineer's normal 
employment environment includes fair recognition of his talents and 
accomplishments, he is much less likely to be responsive to temporary 
higher pay. In these days of emergency and those which lie ahead 
the condition of greater stability in creative engineering employment so 
promulgated will assume tremendous importance. The unnecessary 
pirating of creative talent, too, will be eliminated. 


RADITIONALLY, the inevitable reward of 
T asitity and effort in creative engineering has 

been technical achievement, pride of authorship 
and eminent repute in the engineering fraternity. The 
engineering apprentice entered into a hallowed realm 
and gladly endured material sacrifice for the privilege 
of basking in the reflected glory of established prac- 
titioners. 

Today, to use a contemporary term, “that’s the 
bunk.” When a common bricklayer commands a pro- 
tected income of $6000 per year, the potential engi- 
neering apprentice asks himself why he should invest 
many thousands of dollars and years of his time in 
Preparing for a lowly engineering job paying half 
that much—provided the variables in the work allow 
him to keep working 12 months every year. The 
150 enrollments in our engineering colleges give 
tphatic point to that question. 

The time has passed when the apprentice engineer 
8 embark upon a career with any assurance that 
ability and effort will win recognition. Creative engi- 
Mering has been subdivided, specialized and slotted. 
Each job falls into a nebulous and undefined bracket 
iid there is rarely a vertical connection between 
brackets. Advancement from one bracket to the next 
higher is more a result of chance, favoritism or show- 
Manship than of pure merit. It is easier to keep the 
800d draftsman on the board and to hire in a new 

er, than to help the draftsman advance him- 
elf, Even the older and more experienced engineers 
ve been moving from job to job with alarming fre- 

WMeney, during recent years, in pursuit of a fair op- 
portunity to win recognition. 

indeed is the engineering organization which 

-out” in clear and understandable terms, the 
Malifications required to fill jobs or to win promo- 
Still more rare is the engineering organization 
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which makes an honest effort to assess the talents of 
its staff, to assist its staff members to develop the 
talents required for promotion, or to make promotions 
solely on the basis of merit. 

It’s a lot easier to “grease the wheel that squeaks 
the loudest.” 

True, some progress has been made in the qualita- 
tive development of engineers. Advanced formal 
education is being encouraged, here and there, by 
sharing of the costs of tuition and textbooks by man- 
agement. Discussion groups, circulation of engineer- 
ing journals, subsidized memberships in technical 
societies, captive lecture courses, and many other 
devices help a great deal and these efforts merit praise 
and support. 

Nonetheless, these devices fall short of the target. 
They depend largely upon the initiative of the in- 
dividual to respond to their appeal and they cannot 
relate themselves specifically to the needs of the 
individual or his job. They ignore, largely if not com- 
pletely, personality deficiencies of the individual such 
as the instinct for responsibility, abilities to organ- 
ize and correlate the many facets of creative engi- 
neering, technical integrity, objectivity, and many 
other vital qualities. Something is needed which 
looks deeply into the individual personality to dis- 
close the missing links and which joins forces with 
the individual to supply those links. 


Impact of Job Evaluation: Probably no single in- 
strument has made a deeper impression upon indus- 
trial and commercial society than the related arts of 
analyzing, classifying and evaluating jobs, and of 
assessing performance on jobs. Many fumblings in- 
evitably plague the new approach in human relations. 
Nevertheless, job evaluation, to use the common com- 
posite label, has given to superior and subordinate 
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alike a practical yardstick and terminology by which 
to understand each other. This is true between 
foreman and laborer, the personnel department and 
the union, the board of directors and executive man- 
agement and all others involved in labor relations. 
Job evaluation provides the meeting ground upon 
which differences are resolved by objective diagnosis. 
The relative importance of different jobs is defined 
and the range of wage rates is allocated equitably 
over the range of job values. Means are provided for 
relating wage rates in one organization fairly with 
wage rates in the community or industry, with con- 
sequent reduction of turnover and pirating of skilled 
labor. 

These and other gains have won rapid and wide- 
spread acceptance for job evaluation in many areas 
of the industrial community where jobs are repetitive 
and qualifications easily isolated and assessed. More 
than a few union locals have demanded the protec- 
tion and representation of job evaluation and have 
enforced their demands effectively. Few manage- 
ments, if any, have found just cause to resist these 
demands. No enterprise in which job evaluation has 
been undertaken with honest purpose and executed 
with at least modest skill has failed to win the sup- 
port of all parties to it. 


Current Scope of Job Evaluation: Why, then, has 
this valid art not been employed in creative engi- 
neering? The answer to this question is near at hand. 

The analysis and classification of jobs normally 
start with four factor-groups; namely, skill, effort, 
responsibility and working conditions. Although dif- 
ferent labels are often applied to these groups, and 
the individual factors may be defined or arranged 
differently, it is generally agreed that repetitive jobs 
can be studied in these broad terms. For example: 
with respect to the warehouseman, typist, file clerk, 
drill-press operator, truck driver, and a long list of 
other common repetitive jobs, we can say that if the 
incumbent has had six months, one year or some 
minimum length of service, that incumbent has the 
necessary skill to perform a given task. 


Under the heading of Effort, we can agree that a 
given job requires much or little physical effort, much 
or little attention to accuracy to avoid errors, much 
or little effect of errors, etc. 

Repetitive jobs involve either no responsibility, or 
some specific responsibility for property, safety, train- 
ing, supervision or contacts and we don’t have to 
reach out very far to define a relative degree. 


Job evaluation has been widely applied to repetitive 
jobs and has found fertile ground in this vast realm, 
because it is relatively easy to classify the obvious 
requirements of those jobs. Job evaluation has not 
developed in the area of creative engineering as yet 
because we are mentally lazy by nature and, not 
having been confronted by an organized demand for 
it, we have not set ourselves to accomplish it widely. 
Nonetheless, there is valid reason to extend to engi- 
neers, designers, artists, draftsmen, technicians, model 
builders and all other creative genii the same op- 
portunities for recognition that has been extended to 
organized production workers. 
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How Evaluation Yardstick; 
Are Established 


Factor Selection for Repetitive Work: The first stag: 
in a job evaluation program is the selection of th 
factors which will be used to analyze and classify 
jobs. Each factor will be used as a yardstick to 
measure one essential quality required to fill a job, 
Each quality must be definable in reasonably 
exact and clear terms, and its definition must not 
overlap or encroach upon the definition of another 
factor or quality. 

Factors differ in their relative importance, and the 
factor yardsticks are of different length. However, 
the same yardstick is always used to measure the 
same factor, and the same measure is applied to two 
or more which have equal importance. 


NUMBER OF Factors: The four labels—skill, effort, 
responsibility and working conditions—are not enough 
to measure all jobs in an organization. The chief 
draftsman and the toolmaker use different types of 
skill although both may be evaluated at the same 
total level. However, we do not know what their 
skill levels are, how these skills differ or that they 
are of equal importance until we analyze their skills 
in all essential details. 


The trick is to use enough factors to distinguish 
clearly between the essential qualifications. The trick 
is also not to use too many factors which tend to 
overlap one another so as to obscure the distinctions 
and to cloud the definitions. 


Probably the number of factors most commonly 
employed in one enterprise is about fifteen where 
application is limited to more-or-less routine or re 
petitive jobs. This is not to say that the same fifteen 
factors with their exact definitions can be or af 
used in two or more different companies, but only that 
many organizations have found this quantity to be 4 
successful and happy medium. 


The number of factors used bears no relation to the 
size of the organization—mere numbers of worker 
do not effect the number of factors. Nor is the nut 
ber of factors properly governed by the number of 
organization branches such as production, mainte 
nance, administration, accounting, sales, etc. Although 
the view is controversial, many authorities contend 
that the same factors (whatever their number and 
if wisely selected) are equally applicable to jobs 2 
all departments, and that the file clerk’s job can 
classified under the same number and descriptions 
factors as the turret lathe operator. 

There are two areas within which the number / 
job factors is properly regulated. We may agree, fo 
example, that fifteen factors are ample for classifyit 
all jobs within the unit or even beyond that to it 
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clude junior working supervision. Above these levels, 
job characteristics depart from routine mechanics 
‘ and approach the realm of the intangibles such as 
ich; the qualities of leadership. Thus, the number of fac- 
tors must increase as job classification reaches levels 
above junior supervision. 

The area of job classification has depth as well as 
height. Fifteen factors may be adequate to cover 
many repetitive jobs but are quite inadequate to cover 
nonroutine jobs below supervisory level which involve 
research, creative development, and other obscure 
stage talents. Here again, we have to reach out for addi- 
f the tional factors needed to recognize and evaluate the 
assify™ distinctive requirements of these jobs. 
ok to 
| job, 
nably 
t not 
other 


TYPES OF FAcTorS: As a point of reference, the 
factors commonly used in repetitive work are described 
briefly in the following paragraphs. 

Job Factors Comprising Skill: Factor 1 in this 
group, previous experience, relates to the breadth and 
duration of previous experience in similar lower jobs 
either within or without the given company. It is 
measured and rated in relation to the number of years 
and months of such experience that may be demanded. 
Factor 2, specialized training and education, covers 
the kind and degree of specialized and technical educa- 
fort, @ tion which prepares the individual specifically to per- 
ough @ form the work in question. It is measured in terms 
chief HM of the level of education and the number of years 
s off and months of such education at the stated level, 
ame @ Viz, high school education plus the duration of spe- 
their @ cialized education in a recognized school. Factor 3 is 
they manual or physical skill and covers physical skill or 
kills dexterity as in handling tools, making mechanical 
adjustments, etc. It is classified in terms of the com- 
plexity, variety, accuracy, and regularity of muscular 
motions habitually required in the job. 
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Photo, courtesy Allis-Chalmers Mfg. Co. 
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Job Factors Comprising Effort: In this category 
factor 1 is termed physical effort. This factor con- 
siders the muscular strain required to lift, carry and 
handle weights, the continuity of effort and the degree 
of resultant fatigue. It is classified as to ease of 
movement, weight of materials handled, frequency and 
duration of exertion, strain due to working in cramped 
positions, etc. Factor 2, mental effort, considers the 
variety of tasks involved, the degree of judgment to 
be exercised and the demand for two or more dis- 
similar skills in the same task. Mental effort com- 
monly is found in reading complex blueprints, inter- 
preting tolerances, .setting machines, etc. Factor 3, 
termed care and attention, is used to classify the de- 
gree of care and attention required to avoid errors, 
the possible frequency of errors and their effects in 
damaged property, lost time and expense. 


Job Factors Comprising Responsibility: Under the 
heading safety is classified responsibility for the 
safety of others such as fellow-workers, customers, 
visitors and the public. The classification considers 
the number of others necessarily exposed to unsafe 
conditions, the degree and continuity of hazards and 
the need for taking protective measures. Factor 2, 
funds and property, considers the degree, frequency 
and duration of individual responsibility for the pro- 
tection and safe handling of the funds and property 
of others. It is measured in relation to the sums of 
money and negotiable documents entrusted, the fre- 
quency of handling and the related hazards. Termed 
confidential information, factor 3 relates to confiden- 
tial and classified records and information necessar- 
ily entrusted. The job is classified in terms of the 
relative importance of information entrusted and the 
potential seriousness of the consequences of improper 
disclosure. Factor 4, external contacts, considers the 
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... job evaluation gives to superior 


and subordinate alike a _ practical 
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requirement for dealing with customers, other com- 
panies and the general public, the difficulties and im- 
portance of the transactions handled and the poten- 
tial effects upon the company’s position. Under fac- 
tor 5, internal contacts, is measured the volume, im- 
portance and difficulty of necessary contacts within 
the organization as with other departments, and the 
potential consequences of these contacts in relation 
to morale and efficiency. Supervision received is fac- 
tor 6. This factor is used to classify the proximity 
and frequency of supervision received, the degree of 
instruction received and the basis upon which per- 
formance is appraised. The classification relates to 
independence of action, frequency of reporting, im- 
portance and duration of assignments and the level 
at which results are checked. The classification is 
higher as the degree of supervision received is lesser. 
Final factor 6 is supervision given. This factor re- 
lates to the direction, instruction, discipline and 
training of others, and to the planning, controlling 
and checking of the work of others. It is classified 
as to the number and variety of tasks, skill levels 
and specialized skills of the persons supervised. 

Job Factors Comprising Working Conditions: First 
factor, hazards, is used to measure the health and 
accident risks inherent in the job. This includes the 
opportunities for and potential harm from exposure 
to falls, injury from falling objects, power tools and 
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Table 1—Typical Relative Maximum Job 
Factor Values — 
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machinery, occupational disease, burns, electric shock, 
dangerous chemicals, etc., each of which are appraised 
as to relative seriousness. Second factor in this 
category is unpleasantness. Under this factor are con- 
sidered the necessary exposures to heat and cold, 
dampness, noise, dirt, vibration, obnoxious odors, etc., 
in terms of the frequency, degree and duration of ut 
pleasantness. 


WEIGHTING OF FACToRS: All factors do not have 
the same importance in the same job evaluation pro 
gram and the same factor will have differing impor 
tance in the job evaluation programs of different 
companies. Two jobs may pay the rate of $1.50 per 
hour, one in a manufacturing plant and the other in 3 
motor freight carrier company, but the factors com 
prising skill will be more important in one while the 
factors comprising responsibility are more importat! 
in the other. The foregoing total group of fifteen 
job factors are applicable in an electric utility and a 
distributing warehouse, for example, in the relativé 
maximum values shown in TABLE 1. 

Thus it appears that the distributing warehous 
demands less experience than the electric utility bu' 
imposes working conditions 50 per cent more adversé 
Although the overall demands for effort and respons! 
bility are not far apart in these dissimilar industrié 
these factors appear in different forms. Mental efor! 
predominates in the electric utility while physical & 
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ck, Mi fort leads in warehousing. Also, responsibility for 
sed consigned merchandise of high value in the warehouse 
his @ approximates the responsibilities for supervision in 
on @ the electric utility. The 500 scale used in TABLE 1 
ld, & is arbitrary. Although this maximum has served 
te. @ well in many companies using up to fifteen job fac- 
un- @ tors, it may be too low where more factors are needed. 

The foregoing has been presented to illustrate gen- 
ve tally the level of industry-wide accomplishment in 
ro- the classification of repetitive jobs, and to provide a 
or- @ tingboard for job classification in creative engi- 
ont  Xeering. 


nt Appraising Creative 
Engineering Requirements 


a Factor Selection For Creative Work: In selecting 
the factors to be employed for evaluating creative 
eneering, it becomes necessary to reach out beyond 

© horizon of repetitive work and beyond the ob- 


MACHINE DESIGN—June 1951 





vious characteristics of repetitive work. In addition 
to the common job requirements such as manual dex- 
terity and effort we must consider the demands made 
upon obscure mental powers. 

This “reaching-out” process is, in effect, a ‘‘reach- 
ing-down.” We reach, not outward horizontally to- 
ward a more distant horizon, but downward more 
deeply into the intellectual and spiritual powers. We 
subdivide further the factors of study and evalua- 
tion to the point where we can recognize, isolate and 
appraise different types of obscure job demands, to 
the point where we can assign to them the different 
degrees significant in creative engineering. 

This added “reach” is in territory largely unex- 
plored as yet. However, from the few successful at- 
tempts we have learned the basic principles involved 
and add to the fund of experience as these principles 
are applied to more and more engineering organiza- 
tions. In one application of job evaluation in crea- 
tive engineering, thirty-four job factors were used, 
grouped under major headings comprising, 


Skill . <Kaeeuaa 13 
ES ere wee re 4 
er 
Inherent personal qualities. . 8 
Application ... 1 


Total number factors 34 


The application was made in a professional engi- 
neering group where the scope and variety of objec- 
tives and responsibilities are greater than in the 
typical “captive” engineering organizations. The 
same pleasant working conditions prevailed for all 
jobs in the group and were unimportant for job 
evaluation purposes, whereas the evaluation did de- 
mand careful recognition of certain inherent personal 
qualities. 


Method of Selecting Job Factors: Having no back- 
ground of experience with job evaluation in creative 
engineering, the authors of this application were com- 
pelled to approach the problem with thoroughness 
and exactitude. The whole group involved in the ap- 
plication represented four broad functions; namely, 

1. Creative design including project engineers, gen- 
eral and specialist designers (mechanical, elec- 
trical, electronic, chemical, structural and in- 
dustrial), draftsmen, detailers, etc. 

2. Project execution including tool and model build- 
ers, artists, analysts, process engineers, etc. 

3. Business administration including project man- 
agers, accountants, market analysts, secretar- 
ies, stenographers, file clerks, etc. 

4. Plant and Equipment Maintenance including jani- 
tors, mechanics, carpenters, plumbers, painters, 
boiler operators, electricians, etc. 

It was recognized at an early point in the study that 
one, two, three, or four different formulae of job 
study, classification and evaluation might be needed 
for these different groups of functions. The decision 
on this question was deferred until a later stage. 


STAGE ONE—PREPARATIONS: As a prelude, the job 
evaluation program was announced to the entire or- 
ganization as a joint management-staff undertaking 
in which the staff would describe and generally eval- 
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tern of job relationships was found without undyi! 
difficulty. f 

STAGE THREE—DESCRIPTION OF JOB FACTORS: Re. 
sponses to the preliminary interviews led to a qualits. 
tive analysis of required talents and enabled prelin. 
inary descriptions to be written of the necessary jo 
factors. The whole list, which includes a number ¢ 
factors common to any job evaluatiun formula ply 
others peculiar to creative engineering, was finally 
clarified under the four major headings of skill, ef. 
fort intensity, responsibility and inherent personal 
qualities. 


Skill: Eleven factors were found necessary to 
identify, classify and evaluate the several types and 
components of skill required in creative engineering. 
Two of these eleven factors were subdivided into two 
parts each, as described in the following paragraphs. 


1. The composite factor, academic training, refers 
to formal schooling in recognized educational institu- 
tions including grade school, high school, collegiate 
and post-graduate levels, night schools, trade schools, 
correspondence schools, and in-service educational 
programs. In order to recognize the important dis 
tinctions between technical and nontechnical training, 
and their relative importance in the enterprise, it 
was necessary to define liberal education separately 


uate all jobs while management would provide the 
media for leveling, balancing and implementing the 
evaluations. This approach was successful, in this 
case, because of the relatively high level of intelli- 
gence which must prevail among creative personali- 
ties, and it won the hearty support of the entire or- 
ganization. 

A job evaluation committee was formed consisting 
of the personnel director, the chief draftsman and 
the engineering administrator with the intent to 
bring to bear upon the program the viewpoints of 
management, staff and clients. This committee started 
the program with a thoughtful study of literature 
on the subject but with no previous experience or 
foregone conclusions. 





ee 


STAGE TWO—PRELIMINARY INTERVIEWS: At least 
one staff member was interviewed by the committee 
from the highest, lowest and midlevels in each of the 
four branches of the enterprise. These interviews 
inquired into the facts of the qualifications of each 
staff member interviewed, apart from opinions, in an 
effort to get at the talent actually employed at each of 
these levels. Specifically, in respect to the particular 
talents of the staff members and the demands made 
upon by their jobs, the answers to these questions 
were sought: 


net. = se a 


1. What different talents do you possess and employ 
in your work ? 

. What tasks demand of you the greatest, least and 
most common degree of each of these talents? 

. In those talents in which you believe yourself to 
be least qualified, what degree of improvement 
do you feel to be needed to complete your fit- 
ness for your work? 

. In those talents in which you believe yourself to 
be best qualified, what degree of your ability is 
not utilized? 

. With respect to each talent which you possess, 
what additional degree of qualification do you 
believe is needed to equip you to fulfill the re- 
quirements of the job just above you? 

. With respect to the demands made upon you in 
the next lower job, what additional degree was 
required for you to become qualified for the 
job you now have? 

. With respect to the talents you possess, what jobs 
in the other three branches of the enterprise do 
you believe demand the same maxima, minima 
and average degrees which your job demands? 

. From the standpoint of talents displayed, what in- 
dividuals in the organization do you consider 
best qualified for the jobs just above and just 
below your job? 


from technical education. 


2. The second composite factor, in-service exper: 
ence, refers to practical working experience in terms of 
type, caliber and duration demanded as preparation 
for the job. In the application herein described, variety 
of experience is more important than intensity of ex- 
perience and it was necessary to distinguish between 
in-service experience in “this occupation (profes 
sional engineering) and in “this company”. The 
thinking here was that a designer with prior experi- 
ence with the wider varieties of creative projects of 
other professional groups, including his own inde 
pendent projects, is more broadly productive than the 
designer with experience in one group only. 


3. The factor, resourcefulness, relates -to the it 
tangible capacity to find or adapt the means for 
creating. Neither pure research nor invention is it 
volved here but rather the ability to select basic e& 
tablished art and to adapt that art to the problem a 
hand. To illustrate, the basic science of nuclear fis 
sion for the transformation of matter into energy has 
been understood in theory for many years. To 
the practical means to cause and to control this tran’ 
formation called for tremendous resourcefulness. 


4. The creative engineer may attack his problem in 
either of two ways. One way is the “cut-and-try, 


starting with no clear notion of the final approach and 
letting the approach develop itself as trial-and-erro 
succeeds trial-and-error. Until recent times, this w# 
the common way as well as the only way open ! 
many, and many of our great industrial empires buil! 
their foundations upon “cut-and-try” engineering. 

is not to be discredited where it is the only way oP 
Unfortunately, “cut-and-try” is time-consuming 

costly. The better way employs the power of visual 
ization to determine not only the end result but als? 
the avenue of approach to that result, with a mia" 


It will be obvious that the purpose of these questions 
was to draw upon the intimate knowledge of the 
working incumbent for “pegging” himself in relation 
to other jobs and incumbents, and to setup reference- 
points from which the departure of all jobs might be 
measured. 


At first sight, the answers to these and many like 
questions produced an unintelligible hodgepodge of 
response, including large measures of opinion, preju- 
dice and pride. When taken as whole, however, with 
opinion discounted and fact emphasized, a logical pat- 
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mum of uncertainty and tolerance for error. It is a 
form of the old story that “a little headwork saves 
alot of footwork.” 

5. In repetitive work, adaptability generally refers 
to the capacity of the individual and the demands of 
the job on this capacity to adapt to the product, en- 
vironment, organization structure and working condi- 
tions—a process which occurs once when the incum- 
bent enters the company’s employ or infrequently 
when the incumbent is transferred or promoted. This 
process Of adapting is essentially spiritual and in- 
volves largely the ability to “get along with others.” 

The creative personality must adapt itself over a 
wide range of technical and commercial objectives 
and limitations to every project anew and the transi- 
tion occurs with unusual frequency. The creative 
engineer may be involved at one time in the complex 
art of heat treating nonferrous metals, and next in 
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the design of a cheap die-cast ornament to be pro- 
duced in vast quantities and merchandised at a low 
retail price. While extreme, these samples illustrate 
the demand upon the creative designer for quick and 
frequent reorientation of approach. 

6. Another obscure factor that is difficult to isolate 
and appraise but which must be recognized in evaluat- 
ing creative tasks is analytical power. While fre- 
quently mathematical in character, analysis in crea- 
tive work involves the broad sorting of fact and fancy 
objectively so as to reject the wrong and accept the 
right. The objectivity of creative engineering is dis- 
tinguished from the emotional approach, as in mer- 
chandising or the liberal arts, more by true analysis 
than by any other factor. 

7. A more tangible and measureable factor, knowl- 
edge of prior art, relates to scope of practical experi- 
ence with specified industrial arts such as optics, 


“*,.. the creative personality must adapt it- 


self over a wide range of technical and com- 


mercial objectives and limitations ... with 


unusual frequency .. .”” 
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sonics, electronics, chemurgy, metallurgy and many 
others. This knowledge comes also from study of 
recorded art in trade and technical papers and pe- 
riodicals, patent specifications, catalogs, expositions 
and exhibitions, theses, etc. The evidence of the 
knowledge of prior art of many creative engineers is 
found in their own published writings. 

8. The factor, ability in organization, relates to the 
organizing of engineering work, both for perform- 
ance by self and by others. Creative engineering has 
become a highly complex operation involving the di- 
verse talents of many people who must be scheduled, 
supervised, co-ordinated, reviewed and fitted nicely 
into the overall project. The process requires plan- 
ning, delegation of responsibilities, charting of per- 
formance and appraisal of progress if the time and 
money invested in the project is to yield the maxi- 
mum benefit. 

9. The creative engineer must be able to express 
himself clearly, logically and accurately, verbally and 
in writing. This factor, power of expression, also in- 
dicates he must be able to state his questions and 
learn from the answers, to instruct his assistants, to 
counsel with his associates, and to confer with his 
superiors. He must be able to prepare and edit his 
written reports and to edit and appraise the written 
reports of his assistants. He should be competent to 
address large groups, technical societies, customers’ 
trade associations and groups of students-in-training. 

10. The common description of the factor, person- 
ality, applies in creative work more universally and 
more significantly than in repetitive work. Creative 
engineering is now recognized to require a degree of 
salesmanship for the reason that acceptance of the 
engineer’s product rests, in large measure, upon the 
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layman’s faith in the engineer as an individual. Upon 
the engineer’s personality, as well as his reputation, 
rests the acceptance of his product. 

11. A manual quality, dexterity is employed large- 
ly by shop technicians but also to a considerable ex- 
tent by creative engineers in examining, operating 
and testing mechanisms. This dexterity includes not 
only handling in the usual sense and the co-ordination 
of the hand with the eye, but also the ability to ad- 
just delicately and to interpret the sensations of 
touch, heat, motion, vibration, roughness, etc. 

Effort Intensity: In keeping with the established 
pattern, job evaluation for creative engineering rec 
ognizes the demands made by the job upon the in- 
cumbent for the expenditure of effort. Although man- 
ual effort is one type found in this area, three other 
forms of mental effort are also recognized for thelr 
great importance. 

1. The factor termed mental relates to the effort ex 
pended to study, analyze and comprehend in the 
larger sense that which is tangible and capable of be- 
ing stated. This expenditure of effort is compleme?- 
tary to the factor knowledge of prior art insofar 4S 
lack of such knowledge requires study of prior art 


MACHINE DeEsIGN—June 195! 








‘in order to increase that knowledge. As the creative 
engineer advances in his profession, his knowledge 
of prior art increases while his expenditure of mental 
effort in study decreases. 


2. The factor mental-visual, relates to the effort 
required to be expended to create, in the literal sense, 
the clear mental concept not only of the end result of 
the project but also of the approach to that result. It 
also relates to the effort required to detect, clarify 
and comprehend that which is intangible and in- 
capable of being stated. Effortwise, this factor far 
outranks all other factors, in both importance and 
difficulty, in the job evaluation formula. 


The expenditure of mental-visual effort is continued 
over the whole creative span of the project, occupy- 
ing nearly the whole of the engineer’s capacities at 
the outset and diminishing as the number of unsolved 
problems are reduced with the advancement of the 
project. In general, this factor is the complement 
of the skill factor power of visualization in that the 
mental-visual effort develops the power of visualiza- 
tion, and expenditure lessens as the power increases. 

3. Accuracy in creative work includes not only ad- 
herence to established standards but also, in many 
cases, formulating those standards to fit the purposes 
of the project. Literally, 100 per cent accuracy be- 
ing practically unattainable or uneconomic, judgment 
must be applied in selecting or creating the standards 
of accuracy which should apply. Creative engineer- 
ing makes a substantial demand for the application 
of effort to achieve and sustain suitable standards of 
accuracy. 

4. The manual factor applies to technical shop jobs 
in experimental construction which involve working 
in cramped positions, reaching, holding and like op- 
erations to which the technician does not become ac- 
customed by repetition. While not wide, the range 
of manual effort demands recognition in different 
jobs. 





































pon Responsibility: All members of a creative engi- 
ion, neering force bear definite responsibilities which gen- 
erally are heavier than the responsibilities in other 
-ge- felds of endeavor. Even the lowliest positions on 
ex: the force carry goodly measures of responsibility, if 
ing only as the result of exposure to the work as an in- 
not tidental to their assigned duties. 
ion 1. Unlike repetitive work, creative engineering in 
ad- the professional area involves formulation of policy 
of affecting the conduct of the individual project and 
generally new policy is formulated for each different 
1ed project. Policy is formulated in varying degrees at 
eC: several of the upper levels in the project group and 
in- this factor requires independent recognition. 
an- 2. Each creative project is, in effect, a separate and 
er detached undertaking which carries its own super- 
eir vision. Each level in the group exercises supervision 
over the next lower level by instructing on work 
X- methods, and checking the results accomplished. The 
he ‘valuation for supervision given in the administra- 
live, maintenance and shop forces follows a familiar 





pattern. 


3. The lion’s share of training in creative engineer- 
ing is on-the-job training given by the superior to the 







MACHINE DesiGn—June 1951 





subordinate in terms of the work at hand. This 
training may be formalized by conferences, written 
tests and reports and other means of judging the 
trainees’ response. The responsibility for this train- 
ing is present in varying degrees at all levels of 
creative engineering. 


4. Engineering personnel are assembled into a 
group for the duration of the engineering project and 
then disbanded to make this personnel available for 
other projects. In this area of personnel require- 
ments the reponsibility for wise selections of indi- 
viduals and skills is a heavy one and it is often shared 
between two or more leaders in the project team. 


5. Repetitive work frequently enables the use of 
fixed standards for measuring individual perform- 
ance as the basis for promotion, transfer, demotion or 
separation and the process of measurement seeks a 
fair and objective result. The extreme diversity of 
assignments in creative engineering preclude the 
wholly objective appraisal of individual merit, par- 
ticularly when the individual is on one job under one 
supervisor for a long period and a comparative ap- 
praisal cannot be obtained on that individual from 
another supervisor. Therefore, the responsibility for 
personnel status rests within the project staff and it 
demands recognition in the job evaluation formula. 


6. Following the established pattern regarding com- 
pany property, job evaluation in creative work recog- 
nizes responsibility for the use and care of assigned 
tools, costly materials, blueprints and reference data, 
and other objects normally used in performing as- 
signed work, including confidential information. 

7. In addition to physical client property such as 
models, samples, materials, instruments, etc., which 
may be loaned by the client, the professional engineer 
bears a responsibility for the confidential handling of 
trade secrets and of classified information within the 
meaning of Federal security regulations. 


8. Creative engineering works with untried indus- 
trial art which contains many undefined and unmeas- 
ured hazards to health and safety, not only of the 
persons assigned to the project, but also to other 
persons within the zone of exposure. Project per- 
sonnel must assume responsibility for the taking of 
adequate safeguards for themselves and others and 
for the prevention of unnecessary hazards. 


Inherent Personal Qualities: In addition to quali- 
fications of education, experience and the like, crea- 
tive engineering demands certain inherent qualities 
which govern the individual’s instincts. 


1. The self-confidence factor is important in creative 
engineering, partly as an indirect indicator of other 
qualities required which are difficult to assess such as 
ability in organization, power of visualization and 
others. This quality also suggests the degree of as- 
surance which the incumbent must employ to influence 
clients, superiors, associates and subordinates. 

2. Technical perfection is unattainable or uneco- 
nomic in the creative project and reasonable stand- 
ards of perfection must be set up which fit the re- 
quirements of each project. This requires an in- 


herent instinct or respect for perfection which goads 
the engineer on until practical perfection has been 







151 





achieved but warns him against overreaching that 
target and wasting time and money. 


3. All creative effort is subject to criticism that is 
unsympathetic in many instances. Capacity to re- 
ceive criticism is important in creative work. An un- 
emotional, impersonal and objective attitude is needed 
to withstand criticism, to ignore that which is un- 
founded and to profit from that which is useful. 


4. The ethically honest engineer places his profes- 
sion and his responsibilities above self and pride of 
authorship. Ethical honesty compels the creative 
engineer to persist in seeking the best solution, to 
examine himself and his product impartially, to ac- 
knowledge his errors and to admit the superior judg- 
ment of others. 

5. That abstract virtue which leads men to be truth- 
ful, to respect the rights and property of others and 
generally behave as a respectable member of society 
is here recognized as spiritual honesty, apart from 
ethical honesty which relates to his professional be- 
havior. Spiritual honesty is vital in the creative 
engineer who is entrusted with valuable tools, confi- 
dential information and a voice in the reputation of 
his associates. 

6. Many creative projects are started late, under 
the pressure of competition, with limited working 
capital and demand an early “deadline.” Noteworthy 
powers of endurance are needed to work under pres- 
sure for extended periods while preserving perspec- 
tive and clear vision. 

7. To keep focused upon the job at hand, particular- 
ly in a distracting environment, and to keep a clear 
view of the important objective despite tempting side 
issues involves well-developed powers of concentra- 
tion. The creative engineer must keep his sights 
fixed on the target and permit nothing to distract 
him. 

8. The co-ordination factor relates to co-ordination 
of mental with physical powers, and to the ability to 
translate mental concept into physical dexterity and 
vice versa. This faculty is required in artistic ren- 
dering, photo retouching, minute adjustment of deli- 
cate mechanisms, etc. 


Application: Most mature engineers apply them- 
selves to their projects from habit and keen interest 
in their work. Younger engineers who are prepared 
to apply themselves diligently should be selected and 
their application intensity should be assured. 


Summary: An unfortunate tendency, particularly 
on the part of those of us who are inclined to be 
mentally lazy, is to dismiss many of the foregoing 
factors as academic, intangible, impractical, and un- 
measureable. We like to deal with that which is defi- 
nite, clearly visible, immediately understandable and 
nicely within our individual spheres of experience. 
Frankly, it is hard mental work to sort out such ob- 
scure factors as many of the foregoing, to set down 
simple definitions for them, to recognize them in 
others, and to set up the means for measuring the 
degree of such factors which is demanded in the 
many creative engineering positions. However, even 
the earliest experiences with job evaluation were dif- 
ficult and the present level of success was achieved 
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only after some onerous “skuli practice”. Continue 
effort will bring equally successful application of the 
proved principles of job evaluation to creative ep. 
deavor. 


Ranking 
Engineering Jobs 


Weighting of Selected Factors: Having no tailor- 
made formula for the weighting of the selected job 
factors, to reflect their relative importance, the job 
evaluation committee for this application could only 
use the “cut-and-try” method. However, the second 
round of interviews with staff members at the lowest, 
highest and median levels in each branch of the en- 
terprise showed an interesting unanimity of opinion 
on the relative importance of the thirty-four job 
factors in the eleven departments. 

Prior to the job analysis, job titles were found to 
be indeterminate. They did not indicate, in all cases, 
the character of work involved in the job nor did they 
suggest the level of the job in its channel of promo- 
tion. Gaps were found in these channels where no 
titles had been provided for intermediate steps and 
there was no way to identify many intermediate 
jobs. Following correct titling of all jobs in each 
channel of promotion, the organization contained 
seventy-eight jobs distributed between the eleven 
departments as follows: 


Product development 
Machine development 
Engineering design 
Industrial design 

Electronic development 
Tool design 

Experimental manufacturing 
New products research 
Administration 


Twenty-six of these seventy-eight jobs had not previ- 
ously been defined and were created to “round out 
the organizational structure. 


ASSESSMENT OF RELATIVE FACTOR IMPORTANCE: It 
was agreed, at the outset, that a maximum job value 
of 500 points would be inadequate and would lead 
to too many decimal values, and that 1000 points 
should be the practical maximum. This decision ws 
revised at a later stage to use 1200 points 4 
the maximum, to provide means for rewarding out- 
standing merit. 

During the second round of interviews with staff 
members it was noted that these people rated the 
relative importance of their jobs, and the jobs just 
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of “average”, “below average”, “above average”, 
“maximum’’, “minimum” and “no importance.” These 
terms indicated that the staff would naturally recog- 
nize five levels of relative importance for each fac- 
tor. The opinions given by the thirty-three inter- 
viewees in the second round were analyzed and the 
factors were ranked in relative importance from 
maximum to minimum in the general order shown in 


RANKING OF Factors: The next decision to be 
reached dealt with the progession in relative value 
from the factors in one rank to the factors in the 
next lower and higher ranks and this progression 
could be either arithmetic or geometric. That is, the 
steps between ranks could be equal, or they could 
become either larger or smaller in the progression 
from one rank to the next. In the opinions of the 
thirty-three interviewees, upward job progression in 
the organization, and in all of its departments, in- 
volved rapidly widening horizons and accelerating job 
requirements. This opinion resulted largely from 
the fact of expanding industrial art, types of clients, 
varieties of markets to be served by the products 
developed and range of limitations imposed, in the 
area of professional creative engineering. Thus a geo- 
metric system of progression of relative job values 
was indicated. 

In the simple geometric progression, the midrefer- 
ence point is one-third the range from least to great- 
est, and in the application here described, was found 
by dividing the thirteen ranks into one-half the max- 
imum point value or 500. The quotient was the maxi- 
mum point value for the job factor at midrank, name- 
ly 30. For convenience, the departure from this mid- 
rank value was made in steps of five points to the 
next two higher ranks and to the next three lower 
ranks. The progression was increased by another 
five points between the fifth and fourth ranks and 
between the fourth and third ranks and by a third 
increment of five points between the third and second 
ranks, 

The geometric progression was accentuated beyond 
these limits to give certain special emphasis at the 
top and bottom of the scale. The effort intensity of 
mental visualization so far outranked the next most 
important factor that it was given one-third more 
Points or 25 above that second factor, and this was 
later increased to a step of 35 points. The minimal 
values of the job factors in the twelfth and thirteenth 
tanks were dropped by only one point each to avoid 
under-emphasis of those job factors. After consider- 
able weighing, discussion, testing and trial-and-error, 
the maximum point values for the thirteen ranks of 
factors were fixed as shown in TABLE 3, based upon 
the 1200 point total. 

These methods of ranking job factors and of ar- 
tiving at their relative importance in terms of maxi- 
mum point values are unorthodox. Probably the point 
Values could not be “proved-in” by any established 
job evaluation formula. Further, values could not be 
determined by these methods in any other enter- 
Prise even of like character nor could these values 
be applied verbatim in any other enterprise. None- 
theless, they were applicable in the organization 
Where they were used and they are of interest largely 
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above and just below their respective jobs, in terms 
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Table 3—Point Values for Factor Ranks 
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as reflections of the type of original creative think- 
ing that is demanded of job evaluation in creative en- 
gineering. 

Putting together the selected job factors by rank 
with the maximum point values computed for each 
rank completes the overall scale which appears on the 
accompanying PERIODIC MERIT RATING CHART. These 
maxima are divided into five equal parts for the five 
degrees of each job factor which are used in rating 
the individual job. The chart indicates that these 
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values are used also for periodic merit rating of job 
incumbents, a process which will be described later in 
this article. 


Evaluation of Individual Jobs: The interviews with 
staff members established certain reference points 
which were useful in evaluating the individual jobs, 
in each of the eleven departments of the enterprise. 
These reference points were the job which demanded: 


. The maximum of each job factor 

. More than the average demand of each job factor 
. The average of each job factor 

. Less than the average demand of each job factor 
The minimum of each job factor 

. None of each job factor. 


our Wn 


As might be expected, most of the 78 jobs in the 
organization appear as the ‘reference-point’ for one 
of the six demand levels in one or more job factors. 
At the extremes of maximum and zero demand, a 
few jobs are reference points for several factors. In- 
evitably, the top jobs in creative engineering such 
a3 project manager, project engineer and director 
of industrial design demand the maxima in the job 
factors which pertain to creative work, while the 
routine, nontechnical jobs such as janitor-watchman 
and blueprint operator demand the minima or none 
of most job factors. Average demand for each job 
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‘ 


‘,.. creative engineering is 





now recognized to require a 
degree of salesmanship for 
the reason that acceptance 
of the engineer’s product 


rests, in large measure, up- 


on the layman’s faith in the 


9 


engineer .. 


factor is found in all of the eleven departments in- 
cluding the administrative departments. 

Each reference-point job and the degree of demand 
in that job for each job factor, is a point of departure 
from which the demand in two or more other jobs is 
defined by comparison. To illustrate, the project man- 
ager’s job demands the maximum of resourcefulness 
in terms of degree, frequency and variety. All other 
jobs which demand the same degree, frequency and 
variety are rated at the same level for resourceful- 
ness as the project manager. The process of evaluat- 


- ing all jobs involves comparison between each job 
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SUMMARY OF 
JOB VALUES 


(ALL JOBS) 
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Principal Architect 
Senior Designer 

Senior Architect 

Senior Design Technician 
Junior Design Technician 
Junior Designer 

Design Apprentice 


Production Consultant 
Senior Technician 
Processor 

Technician 

Junior Technician 
Technician Apprentice 


Director 

Chief Electronic Designer 
Senior Electronic Designer 
Senior Electronic Technician 
Junior Electronic Designer 
Junior Electronic Technician 


Chief Tool Designer 
Supervising Tool Designer 
Principal Tool Designer 
Senior Tool Designer 
Senior Tool Technician 
Junior Tool Designer 
Junior Tool Technician 
Tool Detailer 

Tool Design Apprentice 


ent 
Senior Machine & Tool Builder 
Machine & Tool Builder 
Junior Machine & Tool Builder 
Senior Machinist 
Machinist 
Junior Machinist 
Machinist Apprentice 
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‘...mental-visual effort is required to 
create, in the literal sense, the clear 
mental concept not only of the end re- 


sult... but also of the approach...” 


and the reference-point jobs to determine which of 
the latter reflects the demand in the job in question 
and, therefore, the degree of that demand. 

Once the degree of demand, in the six degrees 
selected, has been defined in a reference-point job, the 
evaluation of other individual jobs becomes a simple 
matter of objective judgement. 


It is not enough to define the degree of job require- 
ment for each factor merely as maximum, above- 
average, average, below-average, minimum, or none. 
Job requirements must be defined with reasonable 
accuracy and clarity so as to be understood easily 
by all members of the organization. The accom- 
panying CLASSIFICATION LISTING OF JOB REQUIRE- 
MENTS defines by limited example the degree of re- 
quirement for each of the thirty-four job factors 
previously enumerated and cites the job which typi- 
fies each degree of requirement. 


FINAL EVALUATION OF ALL JoBS: The chart, SuM- 
MARY OF JOB VALUES, shows the final evaluations of 
all jobs, including the reference-point jobs and all 
other jobs related to them. Within each department, 
the jobs are arranged in the order of diminishing 
point value. Unfortunately, the scope of this article 
does not permit sufficient description of job duties 
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to explain clearly the bases of applying point values 
in the many job factors. In another creative engi- 
neering organization, these duties will differ marked- 
ly as will the evaluations. To repeat an earlier state- 
ment, this chart has the primary value of indicating 
the vital distinctions between job factors and the 
need to recognize the relative values placed upon these 
distinctions. 


ALLOCATION OF JOBS TO GRADES: The point values 
arrived at as shown in this chart contain many minute 
differences which are meaningless for the practical 
purposes of setting pay rates and promotional steps. 
Those minute differences were resolved by delineating 
job grades and by allocating each job to a grade on 
the basis of job point value. The chart, CONTENTS 
OF JoB GRADES, shows the system of grades adopted. 
It was decided that advancement of personnel should 
be made increasingly more difficult so that individ- 
uals approaching the top grades would possess ob- 
viously superior qualifications and that only the very 
best talents could win acceptance into the upper 
grades. It was also decided that the formula should 
be simple and understandable, and that a straight- 
line relationship should tie together the jobs in suc- 
cessive grades. 

These decisions led to an increasing spread and 
content of grades wherein each grade had a greater 
spread of point value than the grade just below, with 
a straight-line curve of job values through all grades. 
The approximate geometric ratio of 1:2 was selected 
as reflecting the desirable rate of increase in con- 
tent of job grades. 

The job evaluation system herein described was 
designed to facilitate promotions and to assure that 
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Academic Training—tiberal 


Maximum Project Manager 
Continual or frequent editing of technica! 
reports covering extreme variety of proj- 
ects and subjects, and frequent con- 
ferences with client-executives. 

Above Average Project Engineer 
Frequent preparation of technical reports 
covering one project and normal variety 
of subjects, and occasional conferences 
with client-executives. 

Average Project Designer 
Occasional preparation of parts of tech- 
nical reports covering limited part of one 
project. 

Below-Average Senior Designer 
Frequent conference on project develop- 
ment program including discussion of de- 
sign approach and preparation of notes 
covering limited variety of industrial art. 


Minimum Sr. Technician, Jr. Draftsman 
Intermittent discussion of project de- 
velopment program covering limited 


variety and degree of industria! art. 


Academic Training—Technical 


Maximum Dir. of Industrial Design 
Continual employment of advanced art as 
learned by specialized technical training 
covering extreme variety of art. 

Above-Average Dir. of Electronic Dev. 
Continual employment of advanced art in 
limited variety 

Average Supervising Tool Designer 
Occasional employment of normal! variety 
and degree of art. 

Below-Average Sr. Machine Builder 
Occasiona! or intermittent employment of 
limited variety and degree of art. 


Minimum Senior Accounting Clerk 
Employment of routine art as learned 
with minimum specialized training. 


In-Service Experience—This Occupation 


Maximum Dir. of Industrial Eng. 
Not less than 15 years of successful 
Practicing experience. 


Above-Average Dir. of Personnel, Purch. 
Not less than 12 years of successful 
Practicing experience. 

Average Office Manager 
Not less than 9 years of successful prac- 
ticing experience. 

Below- Average Processor 
Not less than 6 years of successful prac- 
ticing experience. 

Minimum Sr. Accounting Clerk 

Not less than 3 years of successful prac- 

ticing experience. 


In-Service Experience—This Company 


Maximum 
Having not 


Project Manager 
less than six years’ experi- 











ence with company policies. 
Dir. of Machine Dev. 
experi- 


Above-Average 
Having not less than four years’ 
ence with company policies. 

Chief Designer 

experi- 


Average 
Having not 
ence with company policies. 


less than two years’ 


of Exp. Mfg. 
experi- 


Below-Average Supt. 
Having not less than one years’ 
ence with company policies. 

Minimum Jr. Ind. Design 
Having limited but less than one years’ 
experience with company policies. 


Technician 


Resourcefulness 


Maximum Project Manager 
Required continually to find and adapt 
the means of accomplishment in_ the 
extreme degree and variety of industrial 
art and to aid others in developing re- 
sourcefulness. 

A bove-Average Supv. Ind. Designer 
Required frequently or intermittently to 
find and adapt the means of accomplish- 
ment in the extreme degree of a single 
industrial art. 

Average Chief Ind. Engineer 
Required occasionally or intermittently to 
find and adapt the means of accomplish- 


ment in the normal degree of a single 
industrial art. 
Below-Average General Maint. Mechanic 


Required seldom or intermittently to find 
and adapt the means of accomplishment 
in a limited variety of a single industria! 
art. 

Minimum Janitor-Watchman 
Required seldom to find and adapt the 
means of accomplishment within a limited 
degree of method or art. 


Power of Visualization 


Maximum Chief Tool Designer 
Continually and frequently required to 
visualize the end result desired, and the 

the extreme varieties and 

and 


approach, in 
degrees of complicated creative art. 
to aid others. 

Machine Dev. Designer 
frequently required to 
visualize the end result and the ap- 
proach, in the normal varieties and de- 
grees of complicated creative art. 


A bove-Average 
Continually and 


Average Principal Ind. Designer 
Occasionally or intermittently required to 
visualize the end result and the technical 
approach, in the normal varieties and 
degrees of a single industria! art. 


Below-Average Senior Machinist 
Seldom or intermittently required to 
visualize an end result and the technical 
approach, in the normal varieties and 
degrees of a single industria! art. 

Minimum Jr. Engrg. Designer 

Infrequently required to visualize an end 
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CLASSIFICATION LISTING OF JOB REQUIREMENTS AND 
RELATED TYPICAL POSITIONS 


result and the technical approach, in a 
limited variety and degree of a_ single 
industrial art. 


Adaptability 


Maximum Project Manager 
Continually required to adapt to extreme 
variety of conditions relating to projects, 
clients, creative arts and company ad- 
ministration, and to aid others in de- 
veloping adaptability. 


A bove-Average Chief Engrg. Designer 
Continually required to adapt to con- 
siderable variety of conditions relating to 
projects and creative engineering art. 

Average Chief Tool Designer 
Frequently required to adapt to normal 
variety of conditions within one branch 
of creative engineering art. 


Below-Average Production Consultant 
Occasionally required to adapt to normal 
variety of conditions within one branch 
of creative engineering ar. 

Minimum Sr. Electronic Technician 
Seldom required to adapt to limited 
variety and degree of conditions within 
one branch of creative engineering art. 


Analytical Power 


Maximum Dir. of Machine Dev. 
Required continually to engage in tech- 
nical analysis of complex mechanisms and 
to review analyses of others, in two or 
more branches of industrial art, and to 
aid others in developing analytical power. 


A bove-Average Chief Tool Designer 


Required frequently to engage in tech- 
nical analysis of moderately complex 
mechanisms, and to review analyses of 
others, in a single branch of industrial 
art. 

Average Supv. Ind. Designer 


Required occasionally to engage in tech- 


nical analysis, in a single branch of 
industrial art. 
Below-Average Sr. Engrg. Designer 


Required occasionally to engage in simple 


technical analysis. in a single branch of 
industrial art. 
Minimum Sr. Electronic Designer 


Required infrequently to engage in simple 
technical analysis. in a single branch of 
industrial art. 


§. Knowledge of Prior Art 


Maximum Dir. of Ind. Engineering 
Having full knowledge of prior art in 
several branches of creative engineering 


and capable of instructing subordinates 
in all art employed. 

A bove-Average Supt. of Exp. Mfa 
Having full knowledge of prior art in one 
branch of creative engineering and capa- 


(Continued on next page) 


































































(Continued from preceding page) 


ble of instructing subordinates within 
the range of that branch. 

Average Accountant 
Having broad knowledge of prior art in 
one branch of administrative operations. 
or of creative engineering. 

Below-Average Sr. Blectronic Technician 
Having limited knowledge of prior art in 
one branch of administrative operations 
or of creative engineering. plus genera! 
knowledge of sources of information re- 
garding prior art. 

Minimum Detailer—Tracer 
Having limited knowledge of prior art 
and of sources of information regarding 
prior art in one branch of creative en- 
gineering or administrative operations. 


10. Ability in Organization 


Maximum Project Manager 
Able to organize project programs, de- 
partmenta! activities, personnel and per- 
formance schedules for two or more 
projects and/or departments and the 
works of self and others, and to in- 
struct others in the ability. 


A bove-Average Chief Engrg. Designer 
Able to organize two or more project 
programs, departmental acticities, per- 
sonnel and performance schedules for 
two or more projects within one depart- 
ment, including the works of others. 

Average Office Manager 
Able to organize the routine and repeti- 
tive activities and performance schedules 
of the personne! within one department. 


Below-Average Project Designer 
Able to organize the activities of se'f 
and a few co-workers in the per- 
formance of a segment of one project 
or routine departmental activity. 


Minimum Machine and Tool Builder 
Able to organize the activities of self 
in the performance of diverse tasks 
within one segment of one project or 
departmental! activity 


. Power of Expression 


Maximum Project Manager 
Capable of expressing. with forcefulness 
and clarity, in writing or orally, any 
proposition effecting project technology 
or company administration, to clients, 
superiors and subordinates, of present- 
ing convincing arguments, and of aiding 
others to improve power of expression. 


A bove-Average Switchboard Operator 
Capable of expressing, with assurance 
and clarity, orally, facts and circum- 
stances and of satisfying hearer’s re- 
quirements. 

Average Executive Secretary 
Able to compose and express another's 
thoughts and to transmit others’ views 
and instructions. 


Below-Average Checker 
Able to compose and express own 
thoughts and to obtain understanding of 
associates and subordinates. 


Sr. Ind. Designer 
and express own 


Minimum 


Able to compose 
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14. 


thoughts and prob:*ms and to obtain 


instructions. 


Personality 


Maximum Project Manager 
Continually and frequently required to 
inspire clients, associates and sub- 
ordinates, to win confidence in projects 
and programs proposed, and to assist 
others in developing personality. 

A bove-Average Office Manager 
Continually and frequently required to 
inspire associates! subordinates and 
others and to obtain co-operation in 
proposed projects and programs. 

Average Dir. of Ind. Design 
Frequently required to obtain co-opera- 
tion of associates and subordinates in 
the execution of projects. 

Below-Average .. Sr. Ind. Designer 
Occasionally required to inspire con- 
fidence and obtain co-operation of as- 
sociates and subordinates in project 
execution. 

Minimum Stenographer 
Required to get along with associates 
amicably. 


Dexterity 


Maximum Sr. Machine and Tool Builder 
Continually engaged in skilled, precise, 
rapid. and complex manual! operations 
as in fabrication and adjustments of 
delicate mechanisms, and in aiding 
others in developing dexterity. 

Above-Average Sr. Design Technician 
Continually engaged in variety of pre- 
cise and accurate manual operations of 
artistic nature as in free-hand painting. 
sketching and photo retouching. 

Average Sr. Electronic Technician 
Frequently engaged in closely co- 
ordinated manual! work requiring precise 
control, as in assembling compact and 
complex electronic apparatus. 

Below-Average Switchboard Operator 
Continually engaged in series of rapid 
repetitive motions of simple nature or 
occasionally engaged in closely  co- 
ordinated manual work of complex 
nature. 

Junior Machinist 

simple hand op- 

limits of manual 


Minimum 
Normally engaged in. 
erations within wide 
tolerance. 


Effort Inteasity—Wental 


Maximum Project Manager 
Continually engaged in study of extreme 
variety of new, unusual and complex 
matters and in the exercise of inde- 
pendent judgment with respect to studies 
of subordinates. 

Above-Average.. Dir. of Ind. Design 
Continually engaged in study of con- 
siderable variety of new, unusual and 
complex matters within the scope of a 
single creative art. 

Average .... . Office Manager 
Performance of a variety of routine 
tasks requiring some study in carrying 
out prescribed standards. , 

Sr. Draftsman 
limited variety of 


Below-Average 
Performance of a 
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repetitive tasks requiring limited study 
in carrying out prescribed standards 
with occasional recourse to technica) 
assistance. 


Minimum.....Receiving & Shipping Clerk 
Interpretation and application of ip. 
structions in the carrying out of simpk 
operations, with frequent recourse to 
technical assistance. 


Effort Intensity—WMental Visual 


Maximum Chief Tool Designer 
Continually engaged in creating new 
technical concept and practical means of 
solving extreme variety on new, un- 
usual and complex probiems, in review- 
ing concepts and solutions of others 
and in instructing others. 

Chief Engrg. Designer 

Continually engaged in creating new 

technical concept and practical means 

of solving moderate variety of new 
unusua! and complex problems, within 
the limits of a single creative art. 

Sr. Electronic Designer 
Under genera! instructions, frequently 
engaged in creating new technica! 
concept and practical means of solving 
some variety of new problems within 
the limits of a single art. 

Below-Average....Ind. Engrg. Technician 
Under instructions, occasionally engaged 
in creating new technical concept and 
practical means of solving limited 
variety of new problems within the 
limits of a single art. 


Above-Average.... 


Average 


Minimum ‘ mene Jr. Draftsman 
Under precise instructions, infrequently 
engaged in creating new technica! con- 
cept and practical means of solving 
simple technical problems. 


Effort Intensity—Accuracy 


Maximum Checker 
Continually engaged in disclosing errors 
and in obtaining accuracy and sound 
judgment in the work of many others 
on an extreme variety of technical art. 

Above-Average.....Chief Engrg. Designer 
Continually engaged in preventing errors 
in the work of many others on a con- 
siderable variety of technical matters. 

Average Chief Tool Designer 
Continually engaged in preventing errors 
in the work of others within a single 
technical art. 

Below-Average Machinist Apprentice 
Required to supplement lack of ow? 
skill by considerable care and attention 
to avoid errors. 

Minimum .. Jr. Ind. Designer 
Required to supplement own moderate 
skill by some care and attention to 
avoid errors. 


Effort Intensity—Manual 


... Maintenance Foreman 
Performance of work requiring sus 
tained exertion, special strength 
continued exertion in cramped positions. 

Above-Average (no position) 
Performance of work requiring discon 
tinuous heavy exertion or occasional 
work in cramped positions. 


Maximum 
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Average . Janitor-Watchman 
Performance of work requiring continu- 
ous walking or standing and handling 
of tools of moderate weight or bulk. 


Below-Average....Ind. Engrg. Technician 
Performance of work requiring discon- 
tinous walking or standing and light 
physical exertion. 

Minimum Blueprint Supervisor 
Performance of work requiring infre- 
quent light exertion with relief when 
desired. 


|. Responsibility—Formulation of Policy 


Maximum Project Manager 
Continually engaged in formulating pol- 
icy affecting all operations and in 
approving policy proposed or employed 
by others. 

Above-Average. .Dir. of Personnel, Purch. 
Continually engaged in formulating pol- 
icy affecting operations of two or more 
departments, and in developing and 
proposing policy for other departments. 

Average. . . Supt. of Exp. Mfg. 
Independently engaged in formulating 
policy affecting one large department. 

Below-Average....Dir. of Electronic Dev. 
Independently engaged in formulating 
policy affecting one small department. 

Minimum. .. .Chief Engrg. Designer 
Responsible for reviewing and recom- 
mending limited policy affecting one 
department. 


. Responsibility—Supervision 


Mazimum ee . Project Manager 
Having full responsibility for the per- 
formance of many subordinates on 
varied and complex technical and ad- 
ministrative activities. 

Above-Average... Dir. of Machine Dev. 
Having responsibility for the perform- 
ance of one department. 

Project Engineer 
perform- 
to one 

art. 


Average , 
Having responsibility for the 
ance of personnel assigned 
project or branch of creative 

Below-Average. .Chief Electronic 
Having responsibility for the perform- 
ance of personnel assigned to one part 
of a project or specialized task. 


Minimum Principal Tool Designer 
Having responsibility for the guidance 
of one or a few assistants in the 
performance of a small segment of a 
project. 


Designer 


UN. Responsibility—Training 


Mazimum Dir. of Ind. Design 
Having responsibility for developing and 
conducting technical, in-service training 
of many others in the complete range 
of creative art. 


Above- Average Chief Tool Designer 
Raving responsibility for technical, in- 
Service training of several others in a 
Part of a branch of major creative art. 
or in the whole of a minor art. 

Average . Sr. Electronic Designer 

Having responsibility for assisting in 

technical, in-service training programs 

a8 directed. 
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Below-Average ........ . Ind, Engineer 
Having responsibility to guide and 
counsel several associates regularly in 


the solution of major individual prob- 
lems. 

Vusenwnnen Sr. Project Assistant 
Having responsibility to assist a few 
associates as requested in the solution 
of minor individual problems. 


Minimum 


Responsibility—Personnel Requirements 


BE, panaceixvecus Project Manager 
Having chief responsibility for size of 
staff by positions, pay rates, and defini- 
tion of duties. 

Above-Average........ Supt. of Exp. Mfg. 
Having independent responsibility, with- 


in one large department, for making 
practical recommendations regarding 
manning. 

Average Chief Tool Designer 


Having independent responsibility, with- 


in one small department. for making 
practical recommendations regarding 
manning. 


Below-Average. .Sr. Ind. Design Technician 
Having responsibility when directed, for 
making practical recommendations re- 
garding manning for a part of a de- 
partment or branch of creative art. 


Minimum Maintenance Foreman 
Having responsibility when directed, for 
making practical recommendations re- 
garding manning of routine. non- 
creative jobs. 


Responsibility—Personnel Status 


Mazimum ‘ Project Manager 
Having chief responsibility for authoriz- 
ing recruitment, placement, status 
change, separation and other personne! 
actions affecting large numbers of em- 
ployees assigned to two or more projects 
or departments. 

Above-Average Office Manager 
Having responsibility for recommending 
personnel actions affecting employees of 
one large department. 

Average ; Chief Tool Designer 
Having responsibility for recommending 
personne! actions affecting employees of 
one small department; or assisting in 
preparing recommendations affecting 
employees of a large department. 

Project Engineer 
Having responsibility to advise with 
superiors on personnel actions affecting 
employees of a part of a department or 
branch of creative art. 

Minimum Chief Electronic Designer 
Having responsibility to perform certain 
occasional and minor clerical duties 
associated with personne! actions. 


Below-Average 


Responsibility—Company Property 


Maximum Dir. of Personnel, Purch. 
Having continual responsibility for cus- 
tody, preservation and proper applica- 
tion of company funds, valuable personal 
property and confidential information of 
major importance, and supervision of 
others responsible for same. 

of Electronic Dev. 

responsibility for 
use of valuable 


Above-Average... .Dir. 
Having continual 
custody and proper 
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personal property and confidential! in- 
formation by self and several sub- 
ordinates. 

GR. hawker aeecks Librarian 


Having constant individual responsibility 
for custody and proper use of valuable 


personal property. 
Below-Average... Supv. Ind. Designer 
Having individual responsibility for 


proper use when assigned, of personal 
property of moderate value. 


Minimum..... .....Product Dev. Analyst 
Having occasional or infrequent re- 
sponsibility for proper use of personal 
property of limited value. 


Responsibility—Client Property 


Maximum .Dir. of Personnel, Purch. 
Having constant individual responsibility 
for the custody, handling and protection 
of the valuable personal property of 
several clients including models, samples, 
drawings, etc., by self and others. 


Above-Average... Dir. of Electronic Dev. 
Having frequent and extended individual 
responsibility for classified and confiden- 
tial information regarding clients’ proj- 


ects, and for others individually re- 
sponsible. 
Average Project Engineer 


Having frequent and extended individual 
responsibility for classified and _ confi- 
dential information regarding clients’ 
projects. 

Below-Average Chief Draftsman 
Having individual responsibility for the 
preservation of the personal property of 
two or more clients, of moderate value 
such as drawings. 


Minimum Supv. Ind. Designer 
Having occasional or infrequent re- 
sponsibility for short periods for the 
personal property of limited value of a 
single client. 


Responsibility—Health and Safety 


Mazimum Supt. of Exp. Mfg. 
Having constant individual responsibility, 
in an environment of _ considerable 
hazard, for taking suitable precautions 
and for enforcing safety rules, for the 
protection of employees. customers and 
the public. 


Above-Average Maintenance Foreman 
Having constant individual responsibility 
for the maintenance of installed equip- 
ment in safe operating condition, and 
for regular inspection of such equipment 
for preventive maintenance. 


Average Machine Dev. Designer 
Having frequent and extended individual 
responsibility for own performance as a 
source of hazard to many others, as in 
operating a powered mechanism for 
test purposes. 

Below-Average Chief Tool Designer 
Having infrequent § respunsibility, for 
short periods and in any environment of 
limited hazard, for the observance of 
necessary safety precautions. 

Minimum sa Chief Draftsman 
Having responsibility only for reporting 
conditions of environment having pos- 
sible harmful effect upon health. 


(Continued on next page) 
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26. Inherent Qualities—Self Confidence 


Dir. of Ind. Engineering 
Frequently required to win complete 
confidence of clients, associates and 
subordinates in proposals for handling 
matters of major importance and for 
disposing of involved controversial mat- 


Macimum 


ters 

A bove-Average Office Manager 
Frequently required to win respect and 
co-operation of associates and  sub- 
ordinates in undertaking new or untried 
methods and in accepting decisions on 
controversial matters. 

Average Sr. Electronic Designer 
Capable of carrying through an involved 
technical assignment without delay due 
to uncertainty or indecision. 

Accounting Clerk 

through an ex- 
without delay 


Below-Average Sr. 
Capable of carrying 
traordinary assignment 
due to uncertainty or indecision. 

Minimum Jr. Tool Designer 
Capable of carrying through an ordinary 
routine assignment with minimum delay 
due to uncertainty or indecision. 


Inherent Qualities—Respect for Perfection 


Maximum Project Manager 
Having profound knowledge of technical 
and commercial perfection and capable 
of selecting optimum economic degree 
of perfection to be attained, and to 
appraise the perfection attained by 
others 

A bove-Average Sr. Machine Builder 
Capable of recognizing and interpreting 
the degree of perfection defined by 
others and of achieving that perfection 
in complex creative art. 

Average Sr. Engrg. Designer 
Capable of selecting, defining and achiev- 
ing optimum economic perfection § in 
own work in a limited scope of creative 
art 

Below-Average Jr. Tool Technician 
Having working knowledge of practical 
perfection, and capable of developing 
understanding of technical and economic 
perfection 


Minimum Blueprint Supervisor 
Having working knowledge of practical 


perfection 


Inherent Qualities—Capacity for Criticism 


Maximum Dir. of New Products 
Being constantly or frequently exposed 
to criticism of clients, superiors and as- 
sociates and, with a wholly objective 
attitude, always able to accept and 
profit by criticism 

A bove-Average Project Designer 
Being frequently exposed to criticism of 
superiors and associates and, with an 
objective attitude, usually able to ac- 
cept and profit by criticism. 

Average Switchboard Operator 
Being occasionally exposed to minor crit- 
icism for short periods and, with an ob- 
jective attitude, usually able to accept 
and profit by criticism 

Below-Average Sr. Machine Builder 
Being exposed infrequently to minor crit- 


29 


30. 


31. 
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icism and, with an objective attitude, 
able to accept and profit by criticism. 

Minimum : ‘ Librarian 
Being rarely criticised and, with an ob- 
jective attitude, able to accept and profit 
by criticism. 


Inherent Qualities—Ethical Honesty 


Maximum Project Engineer 
Required to observe highest order of pro- 
fessional ethics in own work and to de- 
velop ethical honesty in associates and 
subordinates. 

A bove-Average Project Designer 
Required to observe highest order of pro- 
fessional ethics in own work. 

Average Tool Detailer 
Required to observe professional ethics 
within partial area of application. 

Below-Average Senior Machinist 
Required to observe professional ethics 
within limited area of application. 


Minimum Tool Design Apprentice 
Required to observe professional] ethics 
within negligible area of application. 


Inherent Qualities—Spiritual Honesty 


Maximum ‘ Project Manager 
Continually exposed to opportunities for 
great personal gain by methods beyond 
prospect of detection, and always re- 
sisting temptation. 

A bove-Average Office Manager 
Continually exposed to opportunities for 
substantial personal gain by methods 
difficult of detection, and always resist- 
ing temptation. 

Average Dir. of Ind. Design 
Frequently exposed to opportunities for 
personal gain by methods difficult of de- 
tection, and always resisting temptation. 

Below-Average Executive Secretary 
Occasionally exposed to opportunities for 
personal gain by methods susceptible of 
delayed detection, and always resisting 
temptation. 

Minimum Jr. Tool Technician 
Infrequently exposed to opportunities for 
limited personal gain and always resist- 
ing temptation. 


Inherent Qualities—Endurance 


Marimum Principal Tool Designer 
Capable of sustained performance at 
high pitch over extended periods includ- 
ing supervision of others. 

A bove-Average Machine Dev. Designer 
Capable of sustained performance at 
high pitch over limited periods, includ- 
ing supervision of others. 


Average Principal Ind. Designer 
Capable of occasional sustained perform- 
ance at abnormal pitch including super- 
vision of others. 

Below-Average Production Consultant 
Capable of sustained performance at 
high pitch over extended periods. 

Minimum Jr. Machine & Tool Builder 
Capable of sustained performance at 
high pitch over limited periods. 


Inherent Qualities Concentration 


Maximum Dir. of Ind. Design 
Capable of giving exclusive attention 


over extended periods in a highly dis. 


tracting environment. including super. 


vision of others. 

Above-Average Machinist Apprentice 
Capable of giving exclusive attention 
over limited periods in a highly dis. 
tracting environment. 

Average Sr. Design Technician 
Capable of giving exclusive attention 
over limited periods in a _ distracting 
environment. 

Below-Average Stenographer 
Capable of giving exclusive attention 
over short periods in a distracting en- 
vironment. 

Minimum Jr. Electronic Technician 
Capable of giving exclusive attention 
over short periods in a _ slightly dis. 
tracting environment. 


Inherent Qualities—Co-ordination 


Maximum Sr. Ind. Design Technician 
Capable of achieving completely har- 
monious relation between mental per- 
ception and manual dexterity, over a 
wide range of industrial art, and of as- 
sessing co-ordinative talents of others; 
as in freehand painting of complex detail. 


Above-Average Sr. Electronic Technician 
Capable of achieving generally harmoni- 
ous relation between mental perception 
and manual dexterity, within a single 
creative art, and of assessing co-ordin- 
ative talents of others; as in adjusting 
delicate electronic devices. 

Average Machine & Tool Builder 
Capable of achieving generally harmoni- 
ous relation between mental perception 
and manual dexterity, within a single 
creative art, as in fitting, assembling 
and testing a delicate mechanism. 

Below-Average Jr. Tool Technician 
Capable of achieving limited harmonious 
relation between mental perception and 
manual dexterity, within a branch of @ 
single creative art, as in fitting and as- 
sembling a complex fixture. 

Minimum Project Engineer 
Capable of translating minute physical 
sensations into mental perception as in 
measuring vibration effects by sense of 
touch. 


Application 

Maximum Project Manager 

Capable of constantly unrelenting appli- 

cation, without benefit of supervision. 

and of obtaining like application of 
others. 

A bove-Average Chief Engrg. Designe! 
Capable frequently and for extended pe- 
riods of unrelenting application. without 
benefit of supervision, and of obtaining 
like application of others. 


Average Accountant 


Capable constantly of unrelenting app! 
cation, without benefit of supervision. 
Below-Average .. Sr. Electronic Techniciat 
Capable frequently and for extended pe 
riods of unrelenting application without 
benefit of supervision. 
Minimum eae «no position’ 
Capable occasionally and for short pe 
riods of close application under imme 

diate supervision. 
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promotions are made as a result of demonstrated 
merit. Often, the performance of the individual in 
one job is not reliable evidence of his performance in 
a higher grade. The individual’s inherent qualities 
may be deficient and he may be incapable of correcting 
those deficiencies. Promotions are properly made when: 


(1) The individual’s deficiencies are disclosed, and 
(2) the individual’s deficiencies are corrected. 


Entrance Subgrade: Promotion of the individual is 
fom one grade to the next higher and through sub- 
grades within the higher grade. The first subgrade 
is the “entrance” subgrade which the individual en- 
ters as the first promotional step and where he re- 
mains for a period up to nine months, on a probation- 
ary basis, whether the individual enters the grade 
fom a lower grade or as a new recruit from without 
the company. During this period, the individual’s 
abilities are observed and assessed and it is de- 
trmined whether or not those deficiencies can be 
wercome by limited training. 


While occupying the entrance subgrade, the in- 
dividual’s status is probationary and he may be re- 
turned to the lower grade if he is deemed unqualified. 
The individual may be advanced from the entrance 
subgrade in less than nine months if he shows ade- 
quate promise, but in no event, in less than three 





Intermediate Subgrade: Upon being advanced from 
the entrance subgrade, the individual enters the Inter- 
mediate subgrade with an increase in salary and may 
remain for any period up to fifteen months. While in 
this subgrade, the individual’s deficiencies are cor- 
rected by in-service training and, at the conclusion 
of his stay in this subgrade, the individual is deemed 
to merit permanent status in the grade and position. 

The individual’s status while in the intermediate 
subgrade is still probationary. In the event that he 
does not respond to training and his deficiencies are 
not corrected by training within fifteen months, the 
individual may be restored to the lower grade. The 
individual may be advanced to the next higher sub- 
grade at any time within fifteen months that de- 
monstrated ability permits, but in not less than three 
months. 


Standard Subgrade: The individual is promoted 
from intermediate subgrade to standard subgrade, at 
an increase in salary, where he remains for an indef- 
inite period until he is ready for advancement to 
the next higher grade and an opening exists, or until 
he is promoted to the merit subgrade. 

The individual has attained standard subgrade as 
a result, first, of having his deficiencies disclosed in 
the entrance subgrade and, second, of having those 
deficiencies corrected by training in the intermediate 
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subgrade. Thus, there should be little or no uncer- 
tainty that the individual is a permanent incumbent 
of the grade and position by the time he enters the 
standard subgrade. He should have become known 
to and accepted by his associates and he should have 
confirmed his determination to fulfill the demands of 
his position. There should be no occasion to question 
his qualifications until merit rating shows a reduction 
in those qualifications. 


Merit Subgrade: While occupying standard sub- 
grade, an individual may perform consistently with 
outstanding brilliance, and merit special recognition 
of that performance, while no vacancy exists in a 
higher grade to which the individual may be pro- 
moted. Such recognition is made possible by advanc- 
ing the individual from standard subgrade to merit 
subgrade within the same grade, with increase in 
salary rate. The job point value and salary rate in 
the merit subgrade are the same, respectively, as the 
job point value and salary rate of the entrance sub- 
grade of the next higher grade. Thus the “merit” 
employee receives recognition equal in his subgrade 
to that which would be given by promotion to the 
next higher grade. 

The integrity of the merit subgrade must be pro- 
tected by close limitation of the numbers of employees 
admitted to it. Normally, if the evaluation formula 
and the merit rating are sound, not more than ten per 
cent of the employees of the organization will be 
digible for the merit subgrade and the ratio will be 
nearer five per cent in actual practice. 

An individual may be promoted to merit subgrade 
after outstanding performance continued for a period 
of not less than six months or the interval of merit 
rating, and his dwell in merit subgrade is contingent 
upon continued outstanding performance as shown by 
merit rating at regular intervals. An individual may 
be demoted to standard subgrade when merit rating 
shows that his performance has deterioriated from 
outstanding to standard. 


Point Values and Jobs in Grades: The point value de- 
marcations between grades and subgrades, on the geo- 
metric progression system, are indicated in TABLE 4. 
The chart, ALLOCATION OF POSITIONS TO GRADES, shows 
how the 78 jobs fall into grades according to their 
total point values and the geometric system of fixing 
grade point values. This chart shows the promotional 
sequence of jobs and the relationships of jobs in 
separate parallel channels within the same depart- 
ment. For example, in the industrial design depart- 
ment, there are two parallel channels of which one is 
the design group which performs the basic creative 
work and the technician group which executes the 
designs by sketches, drawings, paintings, photographs 
and models. Likewise, there are parallel channels in 
the administration and maintenance departments. 
With two or more channels in the same department, 
‘Wo or more different jobs may have approximately 
‘quivalent point values and fall in the same grade. 

Gaps appear between jobs in the same promotional 
chain as, for example, between project manager and 
Project engineer. Such gaps are desirable to allow 
the insertion of added supervision as the organization 
*xpands by increase in numbers of employees in 


MACHINE DesiGN—June 1951 


lower grades. This added supervision would include 
assistant project managers and assistant department 
directors. 


PAY RATES: One of the principal uses of job evalua- 
tion is in computing pay rates and to set up pay rates 
which reflect, with reasonable accuracy, the relative 
requirements of jobs. Alone, a job evaluation formula 
cannot set or revise pay rates. Rates must conform 
to going rates for the industry and for the region, and 


Table 4—Point Value Demarcations Between Grades 





Grade ———————Point Value of Subgrades—————- 
Number Merit Standard Intermediate Entrance 





15 66 62 
91 80 1% 
110 97 91 
135 11€ 110 
160 133 


191 160 
227 191 
272 227 
326 272 

326 


e2nao aqewwr- 


they cannot exceed the company’s capacity to pay. 
Where going rates for the industry and region must 
govern, job point values may be used to compare 
jobs with jobs in other enterprises so as to set up 
equivalent pay rates where the point values are 
equivalent. 

Going salary scales in the industry and region may 
not be the governing influence in creative engineer- 
ing, at least in ail jobs in a promotional chain. This 
is particularly true since few creative engineering 
organizations have point values on which jobs can be 
compared. 

In the engineering group where this job evaluation 
formula was applied, it was decided that company 
management would fix the maximum pay rate for 
the merit subgrade in the highest grade and that 
pay rates in all other grades and subgrades would 
be related equitably to that maximum rate. It was 
also agreed that the maximum rate might be changed 
from time-to-time to follow cost-of-living indices and 
that easy means were needed for recomputing all 
pay rates so as to keep all jobs in the same pay- 
relationship with each other. This was accomplished 
by identifying the maximum pay rate as 100 per cent 
and by applying a permanent lesser percentage to 
all other jobs. 











Photo, courtesy Westinghouse Electric Corp 


“... training in creative engineering . .. may be for- 


malized by conferences, written tests, reports, and 


other means...’ 


The straight-line curve of the chart, CONTENTS OF 
Jos GRADES, shows the correlation between job point 
values and per cent of maximum pay rate and the 
percentages for standard subgrades also appear at 
the top of the chart, ALLOCATION OF POSITIONS TO 
GRADES. The formula for this curve is R = C + 
0.0742 P where R is per cent of maximum pay rate, 
C is a constant of 11 per cent, and P is the point 
value of any job or subgrade. 

The constant C of 11 per cent appears for the 
reason that there can be no zero per cent of maximum 
pay rate and the actual pay rate for the lowest job can- 
not be less than the minimum pay rate specified by 
Federal or other statute. If the lowest job had an en- 
trance point value of zero points, the 11 per cent 
minimum would require the legal minimum pay rate 
of 75c per hour or $1500 per year and the maximum 
pay rate would be $13,636 per year. The minimum 
point value herein used is 62 points and the pay rate 
is 15.6 per cent of maximum. If the legal minimum 
of $1500 per year is applied at this point, the maxi- 
mum pay rate can be no more than $9600 per year. 
It appears that the formula provides ample flexibility 
between permissible limits. 
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Unfortunately, many companies cling to the tradi: 
tional view that pay rates of salaried personne! should 
be kept secret. They refuse to accept the obvious 
truth that pay rates cannot be kept secret very long, 
and that the effort to maintain secrecy breeds dis 
respect among the salaried personnel. It is far bette! 
to publish pay rates for all to know, as well as the 
grades in which jobs are allocated and to allow the 
pay rates of individuals in grades to be known 1 
all. 

ALTERATION OF JOB POINT VALUES: No administra 
tive practice can endure forever without change, 20 
this is true of job evaluation. Although change 
should be expected only infrequently, job requir 
ments may change in some factors and these facto! 
allow jobs to be re-evaluated realistically in rel# 
tion to changes in skill, effort intensity, respom* 
ibilities and inherent personal qualities. In the ™ 
evaluation of one job, one or more factors may ™ 
quire drastic change in degree, others small chang 
and still others no change. Individual new jobs m* 
be added, or whole new departments, and the née 
jobs can be harmonized with existing jobs withou' 
disturbing the relationships of jobs. The point is th# 
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the job structure can be modified as necessary, in 
trms of clearly-defined job factors, without con- 
troversy and with least effort by using a job evalu- 
ation formula. 


Assessing 
Creative Performance 


Merit Rating: Like job evaluation, merit rating is 
not uncommon in commercial and industrial enter- 
prises. Merit rating, in one form or another, prob- 
ably is more common in creative engineering than job 
waluation, for the good reason that engineers na- 
turally are inclined to the objective view even in de- 
fning the merits of their organizations. Merit 
rating of engineers is more realistic when performed 
im by engineers than when performed by personnel ad- 
ministrators. One school of thought holds that merit 
rating need not and cannot bear a close relationship 
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Photo, courtesy 
Allis-Chalmers Mfg. Co. 


to job evaluation. The reason given for this view 
is that job evaluation considers the job and the quali- 
fications which it demands for successful perform- 
ance, whereas merit rating considers the personality. 
When conducted with this view in mind, merit rating 
discloses quantitatively how well the individual has 
performed and behaved. It does not, however, dis- 
close how well the individual has satisfied the stated 
requirements of the job nor whether the individual 
has demonstrated the capacity to satisfy the stated 
requirements of the higher job to which he might be 
promoted. Qualitatively, the rating is incomplete 
and of limited usefulness. 

The other school of thought holds that merit rating 
and job evaluation use the same yardsticks, that the 
factors of job evaluation are selected with the intent 
that the degree of satisfaction of the job requirements 
by the individual are rated by those factors, and that 
the complete qualitative rating is obtained in this 
manner. The combined formula for job evaluation and 
merit rating herein described was developed in ac- 
cordance with that purpose. 


MECHANICS OF MERIT RATING: Merit rating is a 
formal procedure conducted at regular intervals to 


‘“... the creative engineer must be able to express him- 


self clearly, logically and accurately, verbally and in 


writing ... edit reports, address large groups and train 


incumbents... 
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**... technical perfection being un- 
attainable . . . requires an inherent 
instinct or respect for perfection 
which goads the engineer on un- 
til practical perfection has been 


achieved .. .”’ 


Photo, courtesy, 
“Flying A’’, Aeroquip Corp. 
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assess the performance, qualifications, progress and 
deficiencies of all personnel in the group covered by 
the procedure. In most cases, this interval is twelve 
months and the rating immediately precedes the an- 
tual, across-the-board adjustments of wages and 
talaries. Where circumstances require, the procedure 
May occur at six-month intervals but rarely at a 
kesser interval. At the other extreme, the interval 
May be eighteen or twenty-four months but rarely 
longer. 

The merit rating procedure must be conducted on 
M open-and-aboveboard basis with all employees 
Mowing that they are to be rated, when they are to 
be rated, by whom they will be rated, what the rating 
formula is, and what the outcome of the rating will 
& Insofar as it is possible, each employee should 
be rated by more than one supervisor, i.e., when the 
f™ployee’s performance during the period rated is 

to more than one rater. 

Nearly everyone has certain prejudices, strong or 
Weak, which will effect his rating. These prejudices 
may relate to sex, color, religion, mode of dress, 
bolitical affiliations, and many other influences which 
have nothing whatever to do with an individual’s 
qualifications and performance. Since two or more 
taters will not have the same prejudices to the same 

, the effect of multiple rating is to disclose 
them so that they’can be discounted and so that the 
individual’s true merit can stand out clearly. 

A practice which has been fruitful of healthy 
Morale in many cases is to reveal to each employee 

composite rating, after necessary adjustments, 
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‘*.. dexterity is employed 
...to a considerable extent 


by creative engineers in ex- 


amining, operating and test- 


ing mechanisms .. .’ 


and to discuss the rating, factor-by-factor, with the 
employee in an honest and constructive manner. This 
practice informs the individual of his deficiencies 
so that he may undertake to correct them. The 
individual’s response to this practice is, itself, in- 
dicative. He may respond emotionally, refuse to ac- 
cept the ratings and give evidence of inability to 
adjust himself. The opposite response, objective, 
constructive and realistic, is a healthy indication. 
The individual who responds objectively, construc- 
tively and realistically and who gives good reason for 
rejecting the ratings should have the right to appeal 
to higher authority. This appeal may consist of a 
written statement presented to a committee consisting 
of the individual’s immediate supervisor, an engineer- 
ing executive or administrator and a qualified rep- 
resentative of the personnel department. After ad- 
equate review of the appeal statement and such oral 
evidence as may be appropriate, the committee’s 
finding should be final and acceptable to the employee. 
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‘...members of a crea- 


tive engineering force 


bear definite responsibili- 


ties which generally are 


heavier than ...in other 


fields...” 


This procedure may well be used where demotion 
or involuntary separation is pending. 


MERIT RATING STANDARDS: In rating the individual 
by job classification factors such as previously de- 
scribed, the rater finds for each of the thirty-four 
factors, the degree-description which, in his opinion, 
best states the individual’s performance and demon- 
strated capacity. This is apart from the degree of 
the factor which is demanded by the job the individual 
happens to occupy. To illustrate with a few examples: 
In rating a junior industrial designer whose position 
requires below-average resourcefulness with point 
value of 24, the individual may have demonstrated 
the ability . . . “occasionally or intermittently to find 
and adapt the means of accomplishment in the normal 
degree of a single industrial art’ instead of “. .. in 
a limited variety of a single industrial art.’”’ In this 
case, instead of rating the individual 24 points for 
resourcefulness, he would be rated 36 points at the 
average level. 

In rating a junior engineering designer on adapt- 
ability where his job requires 30 points for his factor, 
it may be found that he has not succeeded in adapt- 
ing himself “Frequently . . to normal variety of 
conditions within one branch of creative engineering 
art” but has succeeded in doing so only “occasionally 

’ In this case the individual would be rated below 
his job requirement, at 20 points. 

In rating a junior tool designer on ability in organ- 
ization, whereas this job contains no requirement 
for this ability, it may be that the individual has 
had the opportunity to demonstrate a minimum of 
this ability and has demonstrated that ability. Thus 
he would be given a rating on a factor not required 
in the position he occupies. 

The rule is, then, that each individual is rated 
under every job factor including those not required 
in the job he happens to occupy. Also, he is rated 
solely in accordance with the degree-descriptions 
under each job factor, regardless of the degree re- 
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quired by his present job. Many individuals never 
have an opportunity to demonstrate abilities under 
certain job factors. For example, few individuals ar 
permitted to participate in formulation of policy, 
in the jobs they now occupy, and they must advance 
one or several grades before having this opportunity. 
Where opportunity has not existed to demonstrate 
certain abilities, the rating automatically is zero. 

The method of rating in terms of specific degree 
descriptions helps largely to avoid the colorings of 
prejudice and to encourage fair and just ratings. In 
case the rater has not observed the individual’ 
abilities under a job factor, and cannot have a useful 
opinion on those abilities, he should rate the individual 
at the degree-value for the job which the individual 
occupies, and indicate that the rating is arbitrary but 
not based upon personal observation. Other ratings 
on the same individual and factor, where available, 
are given greater effect. It must be presumed thal 
the individual could not have demonstrated a marked: 
ly greater or less ability, in the job factor, than is 
required in his job, without the fact being noted by 
a rater. 

A common practice in professional or captive 
creative engineering is to create a team for each 
project, under the direction of a project manage 
and consisting of such personnel as will be needed 
to complete the project, and these personnel af 
drawn from a pool containing all available engineer 
ing personnel. In addition to the permanent teal 
which stays with the project from beginning to end, 
others may be added from time-to-time and for short 
intervals. This system makes it possible for an it 
dividual’s abilities and performance to be observed 
by supervisors of two or more projects between rat- 
ing periods, and two or more independent ratings 
can be made on the same individual. While the® 
supervisors may exchange their interpretations of 
an individual’s performance, neither may announce his 
rating to the other. 
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The rater is supplied with a “Periodic Merit Rat- 


ine” form for each individual to be rated, and the 
| orm should contain the rating on each job factor 


hich Was given the individual the last time he was 
ted. This previous rating helps the rater to crystal- 
ge his view of the individual’s ability in terms of 
he advancement which has been made since the last 
ting. 

The rating is made on the “Periodic Merit Rating” 
orm by encircling the point value for every job fac- 
9 which, in the rater’s opinion, indicates the degree- 
fescription which best fits the individual’s merit. 
Where the rating is not the result of the rater’s own 
bbservation, but is the job rating applied arbitrarily, 
he rating should be indicated as by a cross within 
he circle for that factor. Zero ratings appear as 
po markings for the factor. The rater also completes 
he reverse side of the form by commenting freely 
mn the five questions which appear there. 


INAUGURATION OF MERIT RATING: Until a rater 
lis been through several rating procedures, he will 
wproach the task with some fear and trepidation. 
nly the most callous of supervisors are able to dis- 
ount the responsibility borne by merit raters. A 
ietailed manual of rating procedure should be pre- 
pred containing explicit information and helpful 
siggestions, and copies should be presented to all 
mters in advance of the rating program. Group con- 
erences may be held in advance by the raters who 





hot 
*, Courtesy Soundscriber Corp. 
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can present their questions and obtain further en- 
lightenment and assurance. 

Initially, ratings of individuals may be considered 
tentative at the rater’s request, until the composite 
ratings have been computed. Thereafter, where one 
rating is out of line with one or more other ratings 
on the same individual, the former may be re-consid- 
ered by the rater concerned, with the privilege to 
amend his rating. 

Reluctance will be felt to control pay rates ac- 
cording to the first merit rating efforts. Where un- 
certainty exists, it is better to defer adjustment of 
pay rates according to merit rating until the whole 
organization has found adequate confidence in its 
merit rating ability. Even after considerable experi- 
ence with merit rating, some organizations never use 
it to control pay rates but still get good value from 
merit rating in training programs, constructive coun- 


‘,.. an unemotional, impersonal and 


objective attitude is needed to with- 


stand criticism, ignore that which is 
unfounded and profit from that which 


is useful .. .”’ 
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sel to employees, and as one of several indices use 
as guides in making transfers and promotions. } 
genera:, the third consecutive experience with meri 
rating brings an organization to ample confidence iy 
its ability to rate its staff fairly. 


Conclusion: This article seeks to convey tw 
simple ideas. First, our indispensable creative engi 
neers, designers and technicians deserve clear recog. 
nition of their value to the industrial economy, » 
less than file clerks, carpenters, drill press operator 
and bench hands. The modern accepted form of ree. 
ognition is job evaluation and merit rating. Second 
the application of job evaluation to creative work is 
not easy and few applications have been made as yet. 
However, the applications of the fundamental prin. 
ciples have been tested and ways have been found 
to classify and evaluate the essential components 0 
creative work. 

Any procedure which works well in one place under 
one set of conditions probably will not work in an- 
other place however similar. No greater error could 
be committed than a verbatim application to another 
engineering organization of the particular job fac 
tors, job point values and point-pay relationships 
that have been described in this article. Each jo) 
evaluation program must be molded to fit the precise 
requirements and limitations of the organization it 
which it is to be used. 

This is not to say that no single job evaluating, 
program can be applied to two or more separate cree 
tive groups. A larger company having engineering 
groups in two or more of its branch offices, plants 
or temporary field offices could apply the same jo 
evaluation formula to all groups. Such a formu 
would have to take into account the important corm 
ditions of all offices, plants and branches as if thej 
were one completely integrated force. 

In these times of pressure for rearmament and the 
attendant competition for creative skills, job evalu 
tion and merit rating can become a powerful fortt 
for stabilizing engineering staffs. 


Single copies of this article 


may be obtained, as long as 
the supply lasts, by writing 
MACHINE DESIGN, Penton 
Building, Cleveland 13, Ohio. 
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omy Part 4—Fillets in Tension and Torsion 


> under 

in a- 

r could 

nother 

yb fac- 

ynshipsi/NALCULATION methods and nomenclature re- 

ch job lated to stress-concentration factors were out- 

precise lined in Part 1 of this series, published in 

tion iNbruary. Examples of filleted members subjected 

) tension are shown in Fig. 18. In torsion, the 

luationframples shown for bending in Fig. 12 (Part 3, May) 

e cretliso apply. 

veeritgM Stress-concentration factor, K;, for a filleted flat 

plan's subjected to tension, Fig. 19, is based on photo- 

ne jOlMastic tests by Frocht.!:2 For a filleted shaft sub- 

ormultiieted to tension, Figs. 20 and 21, stress-concentra- 

it Colon factor, K,, and shear-energy factor, K;,’, have 

f the\iien derived by the same method described in Part 3 

stmonth. With this method, each factor to be de- 

nd thtlmined has been computed by simple proportion 

valuHtom established data for other cases. 

fore Factor K, for filleted shafts in torsion, Fig. 22, 
based on two sources. For r/d values from approxi- 
lately 0.01 to 0.1, experimental values determined 
ith an electrical analogy method by Jacobsen* have 

-----Hien employed. Values determined with precision 
ain gages by Weigand* have been used for r/d 
ilues ranging from 0.1 to 0.25. For members in tor- 
in, K, and K,’ are the same. 
The final part of this series, dealing with transverse 
holes, will appear next month. 
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Manager, Mechanics Dept. 
Research Laboratories 
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Fig. 18—Examples of filleted tension members. Shown 
at a is a hydraulic actuator, at 6 an eye bar and at ¢ 
a test piece or dynamometer bar 


173 
























| 401}D4}2U9IU0) $$313¢ 


\ 
’ 





Data Sheet 


3 




















Ke 


2 


~ 


~ 
a 
- 
— 
°o 
-_ 
3 
w 
c 
2 
— 
io] 
i 
_ 
c 
oO 
1S) 
8 
| 
a” 
” 
Oo 
— 
— 
” 


~ 
Stress— Concentration Factor. 


0.15 
fd 


Fig. 19—Stress-concentration factor, K;,, for filleted flat bar 
in tension. Curves are based on photoelastic data of Frocht 
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Fig. 20—Stress-concentration factor, K,, for a filleted shaft in tension 
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Fig. 21—Combined stress-concentration and shear- 
energy factor, K;,, for a filleted shaft in tension 


MACHINE, DESIGN—J unis 1961 





Stress— Concentration Factor, “7 


Stress Concentration 











nm ro rm 
oO _ to 


“o 


Stress— Concentration Factor, “7 


SESS ee eee i el 





w U1 


0.15 
rf/d 


Fig. 22—Stress-concentration factor, K,, for a filleted shaft in torsion. 
Curves are based on experimental values of Jacobsen and of Weigand 
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DESIGN ABSTRACTS 


Balanced Gear-Tooth Design 


How shot peening increases bending strength 
and permits design for greater scoring resistance 


By John C. Straub 


American Wheelabrator & Equipment Corp. 
Mishawaka, Ind. 


HEN a pair of gears is required 

to operate at high loads or high 
speeds or both, particularly where 
weight and size are at a premium, it 
becomes important to consider shot 
peening in the design. The greater 
the required horsepower per pound of 
transmission equipment, the more vi- 
tal becomes the design of the gears 
called upon to do the job. 

This discussion is concerned pri- 
marily with the design of the gear 
teeth themselves, particularly on spur 
and helical gears. 

TYPES OF FAILURE: In general, gear 
tooth failure may be grouped into 
three classifications: 


1. Tooth breakage: An entire tooth or 
large portion of a tooth is broken out 
due to bending stress. It is commonly 
known as a fatigue type of failure 

. Pitting: Characterized by pits or small 
craters in the contacting surface of the 
tooth. It is usually found on the pinion 
tooth at or somewhat below the pitch 
line. This is also a fatigue type of 
failure 

. Scoring: Sometimes referred to as spall- 
ing, scuffing or galling, this type of 
failure is distinctly different from the 
first two and is evidenced by a decided 
roughness on the working tooth flank 
as though the mating surfaces had 
seized. It is generally accepted that 
scoring is actually the result of weld- 


ing the two surfaces together and then 
tearing them apart. It is caused by 
high compressive stress in combination 
with high sliding velocity of the tooth 
surfaces upon each other. Whereas 
bending and pitting failures are most 
likely to occur after considerable 
amount of service, scoring is most like- 
ly to occur in the early stages of op- 
eration, if at all. 

A pair of gears may be subject to 
any one or all of the foregoing types 
of failure, depending upon the type of 
service. In some cases this may re- 
sult in a compromise between bending 
strength on one hand and scoring re- 
sistance on the other, because in some 
respects a design factor may favor 
one at the expense of the other. How- 
ever, in highly stressed gears, scor- 
ing resistance may be increased by 
proper design consideration which 


utilizes greater bending strength. 


BENDING STRENGTH: In computing 
the bending strength of a pair of 
gears, one of the first questions that 
arises concerns the load on the teeth. 
A mathematical analysis does not 
yield a direct answer. Another way 
would be actually to test a large 
number of gears of different designs 
and different load carrying capacities 


under conditions as nearly as possible 
like those obtained in the actual serv- 
ice for which the gears have been ée- 
signed. 
test procedure, cycles to failure, and 
design information, the results can be 
analyzed statistically. This latter 
method was used in selecting the 
method of bending stress calculation 
involved in this discussion. 

The procedure used in this selec- 
tion was as follows: Data were ob- 
tained direct from different manufac- 
turers on a large number of dyna- 
mometer fatigue tests on spur ai’ 
helical automotive type transmissi 
gears. Complete information was 0 
tained on the design and test resul! 
of each pair of gears. 

Several methods of stress comput 
tion were then set up, each on the 
basis of a different set of assump 
tions. In order to determine which, 
if any, of these methods would give 
consistent results, a “stress” value 
was computed for every gear includ 
ed in the tests. The stress values ob 
tained by each method were plotted 
on a log-log chart against the average 
number of cycles at which fatigue 
failure occurred. Some of the meth- 
ods of stress calculation were imme- 
diately disqualified because no con 
sistent relationship was obtained be 
tween the “stress,” as calculated, 
and the fatigue life from the test 
data. Results as calculated from 
other methods, however, did show 4 
definite relationship between the cal: 
culated stress values and the average 
fatigue life from the test data, and 
it was not a difficult matter ‘ select 
that method which showed te most 
consistent relationship. 

Finally the method of ca! ulation 
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Fig. 1—Fatigue chart of 
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jjecte: Was based on the assumption 
hat th load is distributed uniformly 
, the average total length of con- 
t lines. The tooth strength factor 
obtained from a layout in the sec- 
ion normal to the tooth, with the 
nad applied at the tip of the tooth 
» the same manner as originally de- 
ribed by Wilfred Lewis. A com- 
ete description of this method of 
aiculating bending strength was pub- 
ished SOME years ago. 
An appraisal of the effectiveness of 
ig method can be obtained from the 
hart of Fig. 1, which shows the re- 
ationship between the calculated 
stress and the average life of the 
gars aS determined by the dyna- 
mometer tests. Included in the chart 
e 155 tests on a variety of designs. 
\ll tests represented in Fig. 1 were 
made on gears of approximately 60 
Rockwell C surface hardness, with 
no surface treatment other than the 
heat treatment itself. 


Data May Suggest Redesign 


By this method, the design of a pro- 
psed pair of gears can be analyzed, 

id in some cases an appreciable gain 

“fatigue strength can be obtained 
j changes in the tooth proportions. 
‘or example, the requirements might 
ermit a decrease in the diametral 
itch or an increase in pressure angle, 
tither of which would decrease the 
tending stress. 

It is quite evident, of course, that 
any strength calculation cannot be ex- 
pected to overcome poor manufactur- 
ing practice. A number of factors in 
Processing can seriously affect the 
life of the gears. One such factor is 
the nature of the tooth fillet, with re- 
gard to stress concentration resulting 
fom deep tool.marks. Deep grooves 
inthe tooth fillet can be more serious 
than the stress concentration because 
of the fillet itself. To minimize this 
tondition it is good practice to use a 
chamfer. or better still, a rounded 
corner on the hob or cutter. 


SHOT PEENING: In gears which are 
intended to carry high stresses, a pro- 
tounced increase in fatigue strength 
‘an be obtained by shot peening the 
eth. Effectiveness of shot peening 
- overcoming fatigue failures in a 
given design of a machine part is 


well known. But its advantages in 
designing for greater fatigue strength 
and greater utilization of material are 
often overlooked. The increase in al- 
lowable stress for a given fatigue life 
requirement will vary with that life 
requirement. That is, the greater the 
required life, the greater will be the 
benefit derived from shot peening. 
However, even under severe require- 
ments, an increase of 10 per cent in 
allowable stress is conservative. 

In Fig. 2 is shown a fatigue line, 
similar to that of Fig. 1, based on the 
same method of calculation, but from 
considerably more data than those 
originally accumulated. The lower 
line is comparable to that of Fig. 1 
except that it represents carburized 
gears only and is somewhat higher. 
The original data in Fig. 1 included 
carburized gears as well as through- 
hardened and cyanided gears. Al- 
though the test points for the 
through-hardened gears were some- 
what lower than for those which were 
carburized, there were not sufficient 
data at that time to distinguish be- 
tween these two groups. More recent 
data on carburized gears have indi- 
cated that there is a distinct advan- 
tage in carburized gears as compared 
to those which are through-hardened 
and cyanided. It would therefore be 
expected that results on through- 
hardened gears would fall below the 
average line. The upper line of Fig. 
2 shows the average life in relation 
to the calculated stress for shot- 
peened carburized gears. In all cases, 
peening was the last operation insofar 
as the teeth are concerned, and no 
attempt was made to protect the 
tooth flanks from the blast. 


Strength and Life Increased 


It can be seen from the chart that, 
for example, an average life of 800,- 
000 cycles is obtained on nonpeened 
gears at a calculated stress of 71,000 
psi. For the same average life, the 
allowable stress for shot-peened gears 
is 88,000 psi, or an increase of more 
than 24 per cent in allowable stress. 
From the standpoint of increase in 
life at a given calculated stress, it 
can be seen that at a calculated stress 
of 80,000 psi, the average life of non- 
peened gears is 300,000 cycles, and 


that of shot-peened gears 3,000,000 
cycles, or an increase of 1000 per cent 
in life. 

Shot peening is equally effective on 
gears of lower hardness and, of 
course, on other types of gears such 
as spiral bevel, hypoid, etc. Sufficient 
data are not available for stress-life 
charts on the other types but an in- 
crease of 10 per cent in allowable 
stress is quite conservative. 

Although shot peening is usually 
the last operation, the slight roughen- 
ing of the surface of the tooth flanks 
has no detrimental effect. Actually, 
some manufacturers feel that shot- 
peened gears are more quiet running 
than nonpeened gears of the same 
design and manufacture. In some 
cases, however, it is desired to have 
a smooth finish on the tooth flanks. 
This can be accomplished by cutting 
the teeth with a protuberance hob, 
which produces an effect similar to 
undercutting at the root of the tooth. 
The gears are then hardened, shot 
peened and ground. This procedure 
allows the tooth flanks to be ground 
without removing any of the shot- 
peened surface in the fillet where the 
bending stress is maximum. 


PITTING RESISTANCE: Data on pit- - 
ting resistance are not as plentiful 
as in the case for bending strength, 
primarily because of the difficulty in 
obtaining quantitative data. Bending 
failures can be easily recognized while 
the gears are running, because of the 
sudden noise. Pitting on the other 
hand is a slow progressive failure, 
starting with extremely small craters 
in the tooth profile. In some cases 
these craters grow larger and more 
numerous until, finally, enough mate- 
rial is removed to cause complete fail- 
ure. In other cases it may develop as 
very small pits which progress to a 
moderate degree and then stop with- 
out any real damage. 

Wickendon, Brophy and Miller have 
been successful in establishing some 
quantitative data, and in determining 
the life of gears at which pitting be- 
gins. It is rather generally accepted 
that pitting is the result of high com- 
pressive stress, but to my knowledge 
there are not sufficient data avail- 
able to establish the validity of any 
method of calculation on the basis 
of actual fatigue tests. A value of 
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Fig. 3—Correlation of scoring factor, PVT, with actual tests on 73 gear designs 


maximum compressive stress can be 
obtained by a method described later 
in this discussion. A limiting value 
of 200,000 psi has been used with 
some suceess. This is a qualitative 
value, but it is believed to be on the 
conservative side. 


SCORING RESISTANCE: Scoring is 
caused by a combination of high com- 
pressive stress and high sliding veloc- 
ity on the contacting tooth surfaces. 
By means of an approach similar to 
that described in appraising the bend- 
ing strength formula, a method of 
calculation of scoring resistance in 
spur and helical gears was developed 
by the author, under the direction of 
J. O. Almen at the Research Labora- 
tories Division, General Motors Corp. 
Dynamometer test data were accumu- 
lated on a large number of gears, 
along with complete design informa- 
tion. With these data at hand, vari- 
ous assumptions were made until 
good correlation was obtained be- 
tween calculated values of scoring re- 
sistance and the actual test data. 
Briefly, the method selected is based 
upon the same assumption, with re- 
gard to distribution of the transmit- 
ted load, as that used in the bending 
strength calculation discussed previ- 
ously. 

The method consists of the calcula- 
tion of the product, PVT. Here, P is 
the maximum compressive stress as 
determined by the Hertz equation for 
cylindrical surfaces, for a point lo- 
cated at the tip of the gear tooth or 
pinion tooth, and based upon the to- 
tal tooth load derived from torque, 
the average total length of lines of 
contact, and the curvatures of the 
tooth surfaces in the plane normal to 
the line of contact at the selected 
point; V is the sliding velocity of the 
surfaces at the selected point; and T 
is the distance in the plane of rotation 
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from the pitch point to the selected 
point. Simplified formulas for the 
calculation of PVT are given in the 
appendix. 

The degree of correlation of the 
calculated values with actual test re- 
sults can be seen from the chart of 
Fig. 3. Data shown in this chart rep- 
resent actual test results on well over 
50,000 pairs of aircraft gears. The 
gears tested covered a wide range of 
requirements. The torque require- 
ments varied from a few pound-feet 
up to several thousand pound-feet, 
and the speed requirements ranged 
from a few hundred rpm up to 28,000 
rpm. All test data accumulated were 
on fully hardened spur gears, lubri- 
cated with mineral oil. External as 
well as internal gears were included. 


Safe PVT Limit Shown 


Note that, by and large, those gears 
which have a calculated PVT factor 
in excess of 1,500,000 failed by scor- 
ing, whereas those with a PVT factor 
of less than 1,500,000 had no scoring 
failure. It should be mentioned that 
with extreme pressure lubricants, a 
value of PVT in excess of 1,500,000 
may be used. 


BALANCED DESIGN WITH SHOT PEEN- 
ING: A study of the design consider- 
ations from the standpoint of both 
bending strength and scoring resist- 
ance reveals that there is some con- 
flict between high bending strength 
on the one hand and high scoring re- 
sistance on the other. For example, 
a coarse pitch is desirable for bending 
strength because of the greater thick- 
ness at the root of the tooth. How- 
ever, in some cases this would be im- 
practical because a coarse pitch would 
necessitate long teeth for continuous 
action. This, of course, would mean 
an increase in the length of action 


and, consequently, higher sliding ve- 
locity. Furthermore, with long teeth, 
particularly in high ratio gears, tooth 
action approaches the base circle of 
the pinion which in turn results ina 
high compressive stress because of 
the small radius of curvature of the 
pinion tooth in that region. In sucha 
case, an increase in bending strength 
may lead to scoring tendencies. There- 
fore, in order to obtain satisfactory 
operation with minimum weight, it 
may be necessary to compromise be 
tween bending strength and scoring 
resistance. This leads to a logical 
question as to the usefulness of shot 
peening relative to scoring resistance. 
For a given design, experience indi- 
cates that shot peening has little di- 
rect influence on the scoring tendency 
of gears of the same design and Op 
erating conditions. However, since 4 
balanced design may involve a com- 
promise between bending strength 
and scoring resistance, a distinct ad- 
vantage can be gained by designing 
the gears with a finer pitch in favor 
of scoring resistance. This would re 
sult in decreased bending strength, 
which can be restored by shot peem 
ing. By this reasoning it can be see? 
that shot peening can be used directly 
for increasing bending fatigue 
strength, or indirectly, by proper de 
sign consideration, for increasing 
scoring resistance. 


APPENDIX: The nomenclatiire used 
in the calculations is as follows: 


C = Center distance, inches 
F = Face width, inches 
n, = Pinion speed wit! re 
spect to its own axis, 
rpm 
N,,N, = Number of teeth in pin- 
ion and gear 
P,, P, = Maximum compressive 


(Continued on Page 218) 
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HEET METAL BEARINGS, some- 

times referred to as either thin wall, 
rolled-up, slip-in, split or laminated, are 
available in four different types, i.e.: 


1. Bronze sheet metal 

2. Bronze-on-steel 

3. Steel and lead babbitt 
4. Steel and tin babbitt 


They are comparatively low in price... 
particularly when there is quantity of a 
size. . . yet high in efficiency, possessing 
many unusual bearing qualities. With the 
exception of certain automotive replace- 
ment parts, sheet metal bearings are not 
stock items but are made to specifications 
determined by the requirements of the 
application. 


The necessity for ductility limits bronze 
sheet metal bearings to two alloys, con- 
taining not more than 4% lead and 4% 
tin. Higher percentages of these metals 
would render the material too hard for 
tolling. As listed below, Johnson’s alloy 
No. 44 is the highest grade and comes 
closest to plastic bronze. Due to the lim- 
itations of the elemental constituents these 
two alloys have a higher coefficient of 
friction and not quite as great load carry- 





ing capacity as cast bronze. However, the 
rolling operation imparts a dense structure 
to the metal which results in excellent re- 
sistance to pounding and to shock. The 
degree of hardness can be furnished as 
specified. 

Bearings made of number 40 alloy should 
be burnished in place as the metal has low 
machining qualities; however, number 44 
alloy can be burnished, bored or reamed in 
assembly. 

The most common wall thicknesses are 
1/32" and 1/16", with a variation of 
.005"' plus or minus from the nominal size. 
One of the advantages of limiting the wall 
thickness to 1/16"' is that the bearing can 
be easily seated in place by burnishing. 
Oil holes, slots or grooves are easily added 
during the fabricating process. 

Bronze Sheet Metal bearings are excel- 
lent for applications where motion is com- 
paratively low and impact is the main 
factor. They are also ideal and most eco- 
nomical for use where atmospheric or 
gaseous conditions may corrode cast iron 




















or steel. 

Johnson Johnson 

Alloy No. Alloy No. 

40 ad 
S.A.E. 795 | S.A.E. 791 
COPPER 90.0% 86 /90% 
TIN 0.5% 3.0/4.5% 
LEAD 3.5/4.5% 
ZINC | 9.5% 3.5/5.0% 
HARDNESS 
ROCKWELL B 65-71—1/16 Ball 
100 KG. LOAD 








Burnishing is desirable in all cases when 
possible for it imparts a dense smooth 
bearing surface, seats the bearing in place 
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Typical Specifications 


.751—.753 is the O.D. of the bearing 
measured by pressing the bearing into a 
press fit ring gauge having size equal to 
mean housing bore size. One-quarter 
inch of the bearing is left extended from 
the ring gauge and miked. 


properly and renders the bore uniform. 
The common stock allowance for burnish- 
ing is .002"' to .004"'. 

If bearings are to be used in cast iron 
housings, or other types which may not be 
strong enough to permit a burnishing oper- 
ation, it is recommended that a material 
be used possessing good reaming proper- 
ties. Sometimes it is necessary, due to 
design of application, to ream two or more 
bushings in line. Reaming stock allowance 
should be about .006"' to .009"'. 

In cases where any doubt exists regard- 
ing the best method of sizing sheet metal 
bearings in assembly, it is advisable to 
submit complete data to our engineers. 
We will draw on our vast experience and 
give you a straight-forward answer for 
your particular problem without obliga- 
tion. In some cases we often find it advis- 
able to submit samples for test application 
in order to be absolutely certain that the 
correct solution has been found before 
fabrication of the complete order. 


Points to remember when ordering 


1. Housing hole size and housing material. 
2. I.D. required after finishing in assembly. 
3. Method of finishing I.D. 

4. Shaft diameter and tolerance. 


5. Special features such as grooves and 
holes should be specified. 


Thrust Washers 


Bronze sheet metal is an ideal material for 
various types of washers, thrust plates and 
other flat pieces. As such it is available 
either in the form of the completed prod- 
uct, made to exact specifications or in rolls 
for fabrication by the user. This material 
can be secured either plain, serrated for 
graphite, or ball indented for the retaining 
of grease. 

Johnson engineers are always available 
for consultation on all types of bearing 
problems. Their advice is available with- 
out obligation. 


This bearing data sheet is but one of a series. 
You can get the complete set by writing to— 





SLEEVE BEARING HEADQUARTERS 
525 S. MILL ST. + NEW CASTLE, PENNA. 
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MATERIAL S 


. » + presented in quick-reference data sheet form for the convenience of the 
reader. For additional information on these new developments, see Page 197 


Locknut 
Townsend Co., New Brighton, Pa. 


Designation: Nylok Type E 

Style: Cold forged nut, extruded nylon lock 

Size: American Standard light (E-6) and light-thick 
(E-7) series, 4, #y and %-in. in coarse and fine 
pitches 

Service: Heavy-duty self-locking fastening against vi- 
bration; low-torque installation; temperatures from 
-400F to +250F; lock unaffected by most com- 
mercial chemicals 

Design: Nut double chamfered to permit installation 
in either direction; nylon lock plug insert located in 
one hex face midway between ends of nut, grips 
threads tightly without galling; reuseable 

Application: Critical fastening of machine elements. 
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Speed Reducer 2 


Westinghouse Electric Co., Box 2099, Pittsburgh 30, Pa. 


Designation: Type DB 

Style: Horizontal, double-reduction; totally enclosed, 
foot-mounted 

Size: 1 to 100 hp 

Service: Twelve standard gear ratios from 6.25:1 to 
58.3:1 

Design: Hobbed, single-helical gears taper hardened; 
split-construction cast iron housing; simple, positive 
splash lubrication system; antifriction bearings; av- 
erage efficiency 96 per cent 

Application: For small to medium-size machine drives 
where prime mover is coupled or belted to gear unit. 
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High-Capacity Clutch 3 


Auto Specialties Mfg. Co., 643 Graves St., St. Joseph, 
Mich. 


| ee 


Style: Dry disk; sealed unit 

Size: Lining diameters 3,3 by 2y,-in.; c‘utch over- 
all less clutch release 4%-in. OD by 4;,-in. lorg 

Service: Dry clutching service in lubricated environ- 
ments; operating torque capacity 2200 lb-in.; max 
design torque exceeds this value by 250 per cent 

Design: Friction area sealed against transmiccion lub- 
ricant to increase coefficient of friction; energiz-ng 
force augmented by ball and cone self-energizing 
arrangement; clutch release by thrust against spring 
which releases tension on clutch faces 

Application: For general machine drives, tractor pow- 
er take-offs, pump drives, automatic transmissions, 
etc. 
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Small Pneumatic Cylinder 
Bellows Co., 222 W. Market St., Akron 9, O. 


Designation: Han-D-Air 

Style: Single-acting, spring-return; front flange, rear 
flange, side, foot, or pivot mount ' 

Size: 1%-in. bore, 1-in. stroke; 4% long x 1% high 
x 1%-in. wide; ¥-in. piston rod with %-in. threaded 
end 

Service: Power factor 1:1, develops a thrust approxi- 
mately equal to applied air pressure 

Design: Heavy gage pump finish brass cylinder, alu- 
minum alloy heads %-in. thick; oil-resistant piston 
cup; heavy tension-tested spring 

Application: For use in jig and fixture operations and 
for parts positioning and ejection. 
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Hydraulic Pump 5 


John 8S. Barnes Corp., 144 Walnut St., Rockford, Il. 












Designation: Constant-Flo; type GC 

Style: Rotary gear; direct drive; standard shaft (mod- 
el 7100-A-20) or coupling shaft (model 7100-A-26) 

Size: 344 in. wide by 3% in. high by 3% in. long; %-in. 
pipe ports; y,-in. standard shaft with 1% in. ex- 
tension and % by ;-in. by 1 in. long keyway; -in. 
stub coupling shaft slotted with ;-in. extension 

Service: 1000 psi continuous pressure, 1500 psi inter- 
mittent; hydraulic fluids, lubricants and fuels; 40 to 
360 gph; 1200 to 3600 rpm 

Design: Two-piece heat treated cast iron housing; 
pump gears from % to %-in. face width in %-in. 
increments to suit capacity desired; needle anti- 
friction bearings 

Application: Hydraulic power for machines such as 
farm tractors, lifts, lift trucks, machine tools, etc.; 
for power steering systems, torque converters etc.; 
for pumping fuels, oils, etc. 
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Plunger Relay 6 


Ebert Electronics Co., 185-09 Jamaica Ave., Hollis 7, 












Designation: Type Em-7 

Style: Mercury contact; hermetically sealed; three- 
Pole, any combination of NC or NO 

Size: 44, wide by 5% high by 3 in. deep 

Service: 115v a-c, 35 amps max; 220v a-c, 25 amps 
max per contact. 

Design: Tungsten contacts hermetically sealed in hy- 
drogen filled glass tubes; three tubes in one coil 
Structure for positive simultaneous contacting; re- 
— withstand over ten million operations without 

ure 


Application: For control circuits in machines. 
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Form: Cold finished seamless steel tubing; 1% to 6- 





Electrical Interlock 7 
Winterburn Mfg. Co., P.O. Box 386, Putnam, Conn. 










Designation: Dazic. 

Style: Mercury switches mag- 
netically energized; open or 
closed construction; model 
1020 (stop-start), 1030 (di- 
rection indication), 1040 
(counting), 1050 and 1060 
(fail safe indication), switches 
NO or NC 

Service: Mercury switches rated %-amp at 125v 60- 
cycle a-c, 1 amp at 24v d-c; operates from 2 to 
20,000 rpm, special gears for lower speeds. 

Design: Fluid coupling from drive shaft to magnetic 
actuating disk, magnetic coupling from disk to vane 
of mercury switch; Plexiglass drive disk and hous- 
ing; stainless steel protective case, drive shaft and 
fill screws; precision ball bearing mounting for mov- 
ing parts; model 1020—opens (or closes) contacts 
when shaft starts rotation in either direction, closes 
(or opens) contacts when shaft stops; model 1030— 
opens (or closes) pair of contacts with ccw rotation 
of shaft and closes (or opens) when shaft stops, 
opens (or closes) second pair of contacts for cw 
rotation and closes (or opens) when shaft stops; 
model 1040—makes one impulse per shaft rotation, 
closing (or opening) contacts approx 18 degrees; 
Model 1050—combination of 1020 and 1030 for posi- 
tive zero control; Model 1060—one switch to indi- 
cate cw rotation and one switch to indicate ccw 

Application: For controlling, interlocking and indicat- 
ing the rotation of shafts on conveyor idler pulleys, 
centrifuges, washing machines etc. For signalling, 

timing and counting machine functions. 
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Cylinder Tubing 8 


Tube Reducing Corp., Wallington, N. J. 


in. bores 


Service: Air or hydraulic oils; cylinder parts 
Properties: ID of tubing sized to remove scratches, 


pits and irregularities; mechanical properties greatly 
improved over hot-rolled or cold-drawn material; 
no bore machining required with soft packings or 
leather cups, only light honing for metal piston rings 


Application: For use as cylinder parts for hydraulic 


or air actuators; for shock absorbers, etc. 
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Timing Relay 9 
Square D Co., 4041 North Richards St., Milwaukee 12, 
Wis. 


Designation: Class 9050, type R 

Style: Pneumatic; invertible magnet; time delay after 
energization or de-energization of magnet; with or 
without dial; surface or flush mount, open or en- 
closed 

Size: 3% wide by 4% deep by 7%-in. high (open di- 
mensions) 

Service: Timing range adjustable from 0.2-second to 
3 minutes; 100 to 600 v, 25 to 60 cycles a-c 

Design: Magnet invertible for conversion from delay 
after energizing to delay after de-energizing or vice 
versa; enclosures conform to NEMA I, IV and VII 
designs; accuracy within 10 per cent regardless of 
voltage, temperature or atmospheric pressure varia- 
tions 

Application: For controlled time delays in electrical 
systems for machine tools, conveying equipment, and 
other machines. 
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Flow Signal Transmitter 10 
Hagan Corp., Hagan Bldg., Pittsburgh 22, Pa. 


Style: Pneumatic; differential measuring 

Size: 22.5 in. high by 15 in. wide by 11 in. deep max. 

Service: For measuring static pressure, liquid level, or 
flow differential of liquids, gases or vapors; pres- 
sure differentials from 5.5 in. water to 100 psi; 
static precsures to 1500 psig 

Design: Consists of input differential pressure meas- 
uring unit force balanced by output system, balanc- 
ing force originating in modulated loading air pres- 
sure resulting from action on escapement pilot valve; 
accuracy of measurement within 1 per cent of full 
scale reading 

Application: Automatic control, recording or indicat- 
ing of variables in processing systems, etc. 


Tachometer 1 
Metron Instrument Co., 432 Lincoln St., Denver 9, Colo. 


Designation: Series 42P 

Style: Fixed installation type, three range 

Size: Scales full 4 inches long with 100 divisions 

Service: Units such as rpm, fpm, in. per sec or any 
quantity proportional to speed; speeds from % to 
100,000 rpm 

Design: Heavy metal enclosure, black wrinkle finish; 
knob dial selects any one of three speed ranges over 
a total range of 40 or 50 to 1; readings down to 
1/10 full scale of lowest range; using open wiring, 
indicator can be located up to 1000 feet from head; 
calibration adjustable in field; any Metron tach 
head can be attached 

Application: For measuring speed or related values in 
machines where wide range of measurement is de- 
sired. 
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Force Feed Lubricator 12 
McCord Corp., Lubricator Div., Detroit 11, Mich. 


Designation: Type F. 

Style: Automatic, adjustable; ratchet or rotary drive 

Size: 4-quart capacity, 1 to 6 grease outlets; 8-quart, 
7 to 12 outlets; 16-quart, 13 to 24 outlets; standard 
outlet for ¥,-in. copper tubing 

Service: Grease; max pumping capacity, 0.2 cu cm 
per pump stroke; max speed rotary, 500 rpm, 
ratchet, 300 oscillations per minute; working pres 
sure, 1500 psi max. 

Design: Eccentric drive plunger pump; rotary rive 
interior gear drive ratio, 22.5 to 1 or 45 to 1; fric- 
tion ratchet gear ratios, 1.5 to 1 or 2.5 to 1 

Application: For grease lubrication of cement, steel, 
mine, chemicals, materials handling, metal working, 
road and other machinery. 
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4" 
ON YOUR HAIR 7 


Just because gravy goes swell over noodles, he shouldn’t assume 
it’s good on hair, too! 
And just because one bearing is best lubricated by one partic- 


ular grade of oil, you shouldn’t assume that the same oil is best 


for a// bearings on that machine. In many cases it isn’t. 


OIL CUPS permit you to lubricate each bearing with the oil 
best suited to that bearing—thus prolonging bearing life, reduc- 
ing maintenance costs, cutting down-time, boosting production. 
And oil cups fortunately cost very little. 


Gits oil cups have been the standard for industry for more 
than 40 years. Gits Bros. has the largest selection of oil cups 
available anywhere. Call on Gits Bros. for a prompt, efficient 


solution to your lubrication problems. 


Write for free Price Guide Catalog 


GITS BROS.MFG. Co. 


Chicago 23, Illinois 











1868 S. Kilbourn Ave. 
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Bellows 13 


Titeflex Inc., 500 Frelinghuysen Ave., Newark 5, N.J. 


TAH 
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Style: Convoluted welded metal diaphragms. 

Size: From 1 to 5 inches ID; length, gage, and height 
of convoluticns to suit. 

Service: Any heat, pressure or corrosion requirements. 

Design: Individual metal diaphragms welded at ID and 
OD; height of convolutions varied to suit flexi- 
bility required in specified length; steel, stainless 
steels, brass, bronze, Monel, Inconel, etc., to suit 
environment; inner sleeve liners and fittings can 
be added. 

Application: For absorption of high-frequency vibra- 
tion and lineal expansion in equipment subject to 
high-pressure, corrosion or high temperatures. 
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Universal Joints 
Gray & Prior Machine Co., Hartford, Conn. 


Style: Riveted, bored ends for round, keyway, square, 
or splined shafts, or to suit. 

Size: % through 4-3/16 in. shafts. 

Service: Speeds to 3500 fpm. max. 

Design: Heat-treated alloy steel construction; stubby 
jaws and large, equal size bearings provide strength 
and resistance to jaw spread; sizes over 1%-in. 
equipped with large grease reservoirs. 

Application: For coupling high-speed angular or float- 
ing drives in machine tools or similar precision ma- 
chines. 
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Electric Counter 15 


Production Instrument Co., 702-08 W. Jackson Blwd., 
Chicago 6, Ill. 


Designation: Monitor Automatic Batch Counter 

Style: Self-contained, electrical, automatic; 2, 3, 4, 
and 5 digit 

Size: 11 in. high x 7 in. deep x 11 to 22 in. wide (de- 
pending on model). 

Service: Counts any object or motion that can be ar- 
ranged to break electrical circuit; counting ranges 
1 to 100, 1 to 1000, 1 to 10,000 or 1 to 100,000; 115v 
25 to 60 cycle a-c 

Design: Operates off switch, relay, photoelectric unit 
or other type circuit breaker; can be located any 
distance from source of count; equipped with ter- 
minal strip for outside wiring connections; three 
selector dials for count setting; automatic reset 

Application: For counting units of repetitive processes; 
batch counter switch may be used to start or stop 
electrically operated machinery, conveyers, signals, 
chute gates, pile changers, kickout devices or other 
arrangements for marking or separating batches, 
warning operators, etc. 
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Pressure Switch 16 
Cook Electric Co., 2700 Southport Ave., Chicago 14, IU. 


Designation: Diaphlex 

Style: Sealed can construction; six styles including 
hermetically sealed, vented and differential; end or 
side mounted connector; two-stud, single hole, 
bracket, or special mounts; SPST, NO or NC, DPDT 

Size: Pressure connection 1-20 NF3 thread per 
AND10050 and \%-in. pipe per AND10053; 1%-in. 
diam by 3in. high including connectors 

Service: Pressure ranges from 0 to 15 psi to 0 to 1300 
psi, operating pressures from 60 to 2500 psi; tem- 
peratures from —65 to 200F (with relays) or 250F 
(without relays); 28v d-c or 115v a-c, 0.25 to 7 amps; 
withstand 0 to 500 cps vibration to 15g with relays 
and to 25g without, shock to 30g with relays and to 
50g without 

Design: Constructions to suit environmental condi- 
tions; all welded stainless steel for service in highly 
corrosive media; miniaturized to save space and 
weight 

Application: For sensing critical pressures under 5®- 
vere environmental conditions such as encount 
_| vee aircraft engines, rockets, guided mit 
Siles, eto. 
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@ Clamping efficiency with com- 
paratively low pressure on the clutch lever, high 
torque capacity, ease of operation and single 
point adjustment . . . combine to make Twin 
Disc Machine Tool Clutches “‘wear like a bearing 
and perform like the best friction clutch.” 

Designed to operate in limited space, the 
clamping efficiency of Twin Disc MTU and 
MTS Clutches permits the clutch length to be 
kept to a minimum. Unaffected by centrifugal 


Hydraulic Heavy Duty 
Torque Converter Clutch 


Machine Tool 
Clutch 


Automatic speed-change Twin Disc Multiple Clutch in the 
head of a Monarch Tool Company Model Z electrically con- 
trolled step shaft contour or form turning automatic lathe. 
action, high speeds of rotation are possible. All 
parts are machined to close tolerances. Operating 
parts are heat treated for maximum strength, 
longer wear-life. 

For complete information on Twin Disc Model 
MTU and MTS Clutches, oil or dry type, single 
or duplex, write for Bulletin No. 134-A. Twin 
Disc CLUTCH COMPANY, Racine, Wisconsin (Hy- 


draulic Division, Rockford, Illinois). 


Tractor Clutch Marine Gear 


Twila (bise 


authed 133 Monon DRIVES 


SPECIALISTS IN INDUSTRIAL CLUTCHES SINCE 1918 
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AND MATERIALS 


Shaft Seal 17 


Crane Packing Co., 1800 Cuyler Ave., Chicago 13, Iii. 


Designation: Type 9 

Style: Mechanical; shaft mount, cartridge, or hydrau- 
lically balanced 

Size: Specially designed to suit any application 

Service: For axial sealing against corrosive media and 
high temperatures; pressures to 200 psi, higher pres- 
sures with hydraulically balanced type; tempera- 
tures to 485F 

Design: Precision lapped carbon-graphite seal face 
washer sealed to shaft (or cartridge) by Teflon 
wedge ring, spring pressure loads Teflon ring and 
seal faces, positive drive of elements imparted by 
means of dents in retainer and grooves in washer; 
retainer set-screwed to shaft; shaft mounted seal 
rotates, cartridge type stationary; cartridge pressed 
into stationary housing, mating surface rotates per- 
mitting extremely high speeds 

Application: For use on rotating shafts or other ele- 
ments in centrifugal pumps, turbines, positive-dis- 
placement pumps, agitators, mixers, etc. 
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Metal Primer 18 
Kelite Products Inc., 3401 Touhey Ave., Chicago 45, Iil. 


Designation: Poly-Kote 

Form: Fine crystalline film or coating; supplied in con- 
centrated solution 

Service: Treating iron, steel and aluminum for corro- 
sion resistance preparatory to painting; applied by 
immersion or spray, no special dips required; film 
deposit can be controlled between 50 and 500 milli- 
grams per square foot of surface depending on time 
of treatment 

Properties: Coated, unpainted panel withstands stand- 
ard 20 per cent salt spray solution (1.152 sp gr) at 
96F and atmospheric pressure for 32 hours; coated, 
painted panels 650 hours; nontoxic; nonflammable; 
dense; low porosity; has plasticity 

Application: For retarding rust and increasing dur- 
ability of paint on transportation vehicles, farm 
equipment, household appliances, etc. 
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Valve Actuators 19 


Ledeen Mfg. Co., 1602 8S. San Pedro St., Los Angeles 
15, Calif. 





Style: Cylinder and complete control system equipped 
with mounting brackets and couplings; mountings 
to suit valves. 

Size: Cylinders from 14% through 12-in. diameter bores. 

Service: Air, water, oil, steam or gas operating medi- 
ums at pressures from 15 to 750 psi max; actuator 
capacities from 19 (1%-in. at 15 psi) to 79,520 (12- 
in. at 750 psi) pounds pull on valve stem. 

Design: Power cylinder controlled by 4-way valve and 
speed-control valves; 4-way valves actuated manu- 
ally, electrically or by instrument, local or remote; 
actuators can be equipped with hand pump, spring- 
return or safety circuit for cases of power failure. 

Application: For automatic local or remote on-and-off 
or positioning control of gate valves, plug valves, 
dampers, diaphragm valves, butterfly valves, and 
sluice gates. 
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Solenoid 20 


Practical Electric Co., Dept. CS, 4505 Oakwood Blvd., 
Melvindale, Mich. 


Style: Guided armature; open construction, two-screw 
disassembly 

Size: 24%-in. wide by 2}-in. high by 3}%-in. long, 's- 
in. plunger projection 

Service: 110, 220 and 440 v, 60 cycle a-c; %-in. max 
stroke; rated push-pull ranges from 4 to 11.1 lb 
against gravity at % to %-in. stroke respectively 
with 85 per cent voltage; 5.5 to 12 lb at 100 per cent 
voltage 

: Fanproof laminations electrohydraulically 

forge assembled; T-shaped armature for high rating 
with reduced impact when energized and closed mag- 
netic circuit devoid of air gaps; small coil current 
required when closed; shockproof backstop; nonmag- 
netic stainless steel plunger 

Application: For controlling operation of magnetic 
brakes, time-limit switches, relays, circuit brea\ers, 
valves, etc. 
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ADVERTISEMENT 
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Powder Metallurgy Parts 
Result in Quiet Operation 


Manufacturers of household appli- 
ances, business machines and fac- 
tory equipment have long recog- 
nized the importance of quiet op- 
eration as a selling tool. Product 
designers have found economical 
ways of obtaining this desirable 
feature through increased use of 
bearings, gears, cams and other 
parts produced by powder metal- 
lurgy. 

These bearings and parts, manu- 
factured under the trade names of 
“COMPO” (porous bronze) and 
“POWDIRON” (sintered iron) as- 
sure extremely quiet operation be- 
cause of (1) their accurate dimen- 
sions; (2) their method of lubrica- 
tion. 


Accurate Dimensions 


“COMPO” and “POWDIRON” bear- 
ings and parts are die-formed to 
their final dimensions within ex- 
tremely close tolerances. Hence 
the play of shafts in bearings can 
be kept to a minimum; gear, cams 
and similar parts mesh closely and 
quietly. These advantages are ob- 
tained without any need for ex- 
pensive machining operations to 
give the required tolerances. 


























In this opplication of a self-aligning “COMPO” 
bearing in an electric fan, accurate dimension- 
™% permits extremely close running clear- 
anes, essential for quiet operation. 


Method of Lubrication 


The lubrication principle used in 
COMPO” and “POWDIRON” 
liminates any noise-producing 
uetal-to-metal contact between 
Moving parts. When the machine is 
a rest, oil is stored uniformly 
throughout the capillary structure 
{the bearing or part. When the 
machine starts, oil is instantly fed 

the surface from the microscopic 
am” maintaining a constant 


Recommendations on “COMPO” 

ad “POWDIRON” bearings and 

tarts for specific applications may 
obtained from the manufacturer, 
umd Brook Oil-Less Bearing 
Mpany, Bound Brook, N. J. 
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“Let’s keep this just as quiet as we can!” 
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EXTREME QUIETNESS is one of the 


6& outstanding advantages of 

“COMPO ..1 POWDIRON , ssc rars 

® and @ AND PARTS 

Constantly maintained oil film ends noisy cme 6 euretANnene 
metal-to-metal contact. Accurate dimension- ADVANTAGES OF 

ing keeps parts working together smoothly °°COMPO” and 

and silently. These are the “let’s keep it ee ” 

quiet” features of “COMPO” and “POWDIRON” wre a — 

1, Extreme quietness 


bearings and parts— put them to work in ied : 
your product! ~ cient self-lubrica- 





For the latest line-up of stock sizes of 3. Low installation cost 
4. Low operating and 


“COMPO” bearings, write on your company siaiehinaes maak 

letterhead. Consult our Engineering 5. High load capacity at 

Department on special requirements high speeds 
Omg 6. Low unit cost 


for bearings or parts. EARINGS 








sr 
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Send for this FREE Booklet Gill 
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. AND MATERIALS © 


Potentiometer 21 


G. M. Giannini Co. Inc., 254 W. Colorado St., Pasa- 
dena 1, Calif. 


Designation: Type 85129 Syncromount 
Style: Rotary switch, step type 
Size: 1% in. diameter 


Service: Linear or functional output; resistance to 
100,000 ohms max; torque less than 0.2 oz-in. 


Design: Shaft mounted in ball bearings; shaft runout 
and concentricity within 0.001-in.; syncro type 
mount enables potentiometer to be driven direct 


Application: For computer, guided missile and aircraft 
installations where space is at a premium. 
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Variable Resistor 
Clarostat Mfg. Co. Inc., Dover, N. H. 














he 


Designation: Series 48. 

Style: Composition element; single or dual; round, 
flatted or slotted shafts; locking shaft. 

Size: Housing %-in. diameter, %-in. deep single, 
13/16-in. deep dual; 4-in. mounting shoulder with 
4-32 thread; %-in. shaft, ™%-in. extension. 

Service: Volume control; resistance values 1000 ohms 
to 2 megohms linear; tapered “Z” 10% resistance 
at 50% cw rotation and “Reverse Z”’ 10% at 50% 
ecw, 5000 ohms to 2 megohms; power rating 0.2 
watt. 

Design: Mechanical rotation 250 degrees, electrical 
220 degrees; two units can be nested together and 
held by metal straps for dual-control combination; 
yellow low-loss bakelite housing. 

Application: Companion for subminiature tubes in vol- 
ume-control circuits of electronic assemblies requir- 
ing extreme compactness. 
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Small Vacuum Pump 23 
Kinney Mfg. Co., 3529 Washington St., Boston 30, Mass. 


Designation: CVM 3153 

Style: Mechanical; belt-driven; portable 

Size: 14% long x 13% high x 10% inches wide; weight 
pump 31 lb, complete unit 70 lb; 4-hp motor drive 

Service: Free air displacement 2 cfm; absolute pres- 
sures down to 0.1-micron (0.0001-mm Hg) 

Design: Pump and motor bolted to formed baseplate; 
oil-sealed pumping system; mechanical shaft seal; 
pump retains high percentage of volumetric effi- 
ciency in low-pressure regions 

Application: For production and laboratory machines 
where high-speed evacuation is necessary—lamp and 
tube manufacture, forepumping for diffusion pumps, 
refrigeration, etc. 
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Hose Clamp 


Ideal Corp., Brooklyn, N.Y. 


Style: Perforated band with worm screw lock 
Size: Accommodates all hose from % to 3-in. diameter 


Service: Sealing low-pressure hose to fittings or "lp- 
ples 


Design: Screw, screw saddle and perforated band 
plated to resist corrosion; screw swivels in sadd!e— 
band is brought through saddle in snug fit, sc:ew 
is snapped down and mates with perforations, sc:eW 
drives along perforated band tightening clap; 
clamp released by unscrewing and tipping s«'¢W 
vertically 

Application: For making hose connections on air‘ ift 
and automotive equipment. 
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NEW PARTS 


Mognesium Brazing Rod 25 


All-State Welding Alloys Co. Inc., 
273 Ferris Ave., White Plains, 
N. Y. 


Designation: All-State No. 61 

Form: Rods in 5-lb standard pack- 
age with 1-lb package of Brazaloy 
flux 

Size: y;-in. diameter, 18 in. long; 
f:-in. available only on defense 
order 

Service: Brazing of all types of cast 
and wrought magnesium except 
Type AM-403, also joins magne- 
sium sheet; working temp 1090F; 
applied by Heliarc or correspond- 
ing method, can be applied by 
torch with Brazaloy flux No. 61 

Properties: Low-melting point; free- 
flowing; strength and corrosion- 
resistance of base metals 

Application: For fabricating cast, 

wrought or rolled magnesium 

components into assemblies. 
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Rubber Compound 26 


Parker Appliance Co., 17325 Euclid 
Ave., Cleveland 12, Ohio 


Designation: Parker 42 

Form: Synthetic rubber molding 
compound 

Service: Nonfuel petroleum prod- 
ucts such as lubricants and hy- 
draulic fluids at temperatures 
from —85 to +275 F; ozone re- 
sistance of 0.003 per cent for six 
hours 

Properties: Tensile strength 2000 
psi; elongation 300 per cent; Shore 
A hardness 60+5 degrees; per- 
manent set 3 per cent 

Application: For O-rings and other 
precision molded seals. 
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Waste Manpower { 


Men without motors are just 
about as helpless ina modern 
factory as a wagon. without 
wheels on a superhighway. 

In many plants the failure 
of a single motor used to 
drive an overhead crane or 
a conveyor system can cost 
thousands of dollars an hour 
in lost production and wasted 
man-hours of labor. 

The answer is Class H in- 
sulation made with Dow 
Corning Silicones. In a steel 
mill, for example, a cupola 
crane hoist motor insulated 
with the best Class B mate- 
rials had an average life of 


Dow Corning Sicones Mean Business 


New Class H machines. 


MAIL THIS COUPON TODAY! 


DOW CORNING CORPORATION, MIDLAND, MICHIGAN 


Please send me [_] More Evidence [_] List of Class H 
Rewind Shops [_] List of Motor Manufacturers Offering 


only 50 days. Rewind costs 
alone amounted to $3,634 
in three years. That motor, 
rewound with Class H Insu- 
lation at an extra cost of only 
$79 was still in good con- 
dition after 613 days on the 
hoist and 908 days on the 
trolley bridge. 

And Class H is readily 
available. Most of the best 
rewind shops now feature 
this longer lasting, more reli- 
able class of insulation. Lead- 
ing motor manufacturers are 
quoting price and delivery 
on new Class H machines. 











“DOW CORNING 


mame SILICONES 





Name 


Company 








Street 





WASHINGTON, D.C. e 





e CHICAGO e CLEVELAND « DALLAS e LOS ANGELES 
In CANADA: Fiberglas Canada Ltd., Toronto 


In GREAT BRITAIN: Midland Silicones Ltd., London. 
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Hydraulic Cylinder 27 


Rivett Lathe & Grinder Inc., Brighton 35, Boston, Mass. 


Style: Snap ring assembly; Double-acting; rotatable 
covers; standard mountings—clevis, rabbet, center- 
line, foot, blind flange, trunnion, and rod end flange; 
cushioned end, blind end or both. 

Size: Ten standard bore diameters—2, 2%, 3, 3%, 4, 
5, 6, 7, 8, and 10 in.; any stroke up to 96 in.; stand- 
ard rods or 2:1 oversize. 

Service: Hydraulic fluids; three pressure ranges— 
300 psi, 1500 psi and 3000 psi, max. 

Design: Honed drawn seamless steel cylinder, alloy 
cast iron covers and piston, bronze rod guides; self- 
adjusting rod packing with axial holes in rod bear- 
ing to distribute pressure; piston rings used on 
piston; O-rings for static seals. 

Application: For applying hydraulic power to machine 
elements. 
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Mining Motors 28 


General Electric Co., Small and Medium Motors Diw., 
Schenectady 5, N. Y. 


Style: Explosionproof; foot or strap mounting or with 
face or flange end shield; shunt, compound or series 
windings 

Size: % through 60 hp 

Service: Bureau of Mines Schedule 2E; 230, 250, 500, 
and 550 v d-c 

Design: All frames incorporate two-stud brush mech- 
anisms for accessibility; cable gland design permits 
cable replacement without removal of end shield or 
working through commutator access openings; Glyp- 
tal synthetic resins applied to coils for insulation 


Application: Machine drives in explosive atmospheres. 
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Small Gear Trains 


Telechron Inc., Ashland, Mass. 


Style: Packaged gear train; spur. 

Size: Housing dimensions 174-in. OD by 14}-in. long; 
input shaft ¥,-in. diam with ¥,-in. extension, output 
%-in. diam with %-in. extension flatted to 0.109-in. 

Service: Shaft torque loads to 0.375 lb-in.; standard 
ratios from 7200:1 to 25:1; other ratios as high 
as 216,000:1 depending on load. 

Design: Capillary lubrication system; hobbed steel 
gears; stainless steel shafts; shoulders at each end 
for mounting. 

Application: For timers, timing motors, instrument 
movements, etc., where low-power transmission is 
desired. 
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Hermetically Sealed Thermostat 30 


Spencer Thermostat Div., Metals & Controls Corp., 
Attleboro, Mass. 


eee RUBBER COVERING 


cheek SEAL 


FIBER INNER LINER 


Designation: C 4391. 

Style: Snap-action, disk type; hermetically sealed; 
switch action SPST or SPDT; mounting arrange- 
ment to suit. 

Size: Approx: 1; in. max OD. 1%, in. overall height. 

Service: Electrical rating 10 amps at 30v d-c and 
125v a-c, 8 amps at 250v a-c; differentials between 
open and close temperatures (factory preset) 15 F 
and higher to suit. 

Design: Terminals brought out through glass s.als 
with rubber bonded over the terminals and |°«ds 
for complete waterproofing, silicone rubber sed 
for temperature extremes; thermal element in 
bottom of metal enclosure for proximity to sur- 
face or exposed air or liquid; contacts protected 
by hermetic seal, sealed-in helium or other inert “a5 
where desirable. 

Application: For temperature control in industrial or 
consumer equipment, i.e., automatic refrigerator J¢- 
frost, or in military equipment such as tanks, ail- 
craft, etc., where shock and vibration are °n- 
countered. 
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NEW PARTS. 


Bright Protective Finish 31 


Allied Research Products Inc., 4004-6 
E. Monument St., Baltimore 5, Md. 


Designation: Iridite No. 8P (Blu- 
Brite) 

Form: Powdered compound in 100- 
Ib units; Mix A (for 1-10 water 
dilution), Mix B (1-50) 

Service: Bright protective finish for 
zinc and cadmium plated surfaces, 
zinc die castings and hot dip gal- 
vanize; simple chemical dip, 
bleach dip optional; min zinc plate 
thickness 0.0002 and 0.0003-in.; 
immersion time 5-30 seconds; air 
blast or centrifuge dry 

Properties: Color of coating repre- 
sents its comparative corrosion re- 
aistance—darker color has higher 
resistance; high chemical polish 
with higher concentrations, heav- 
ier film with low concentrations 

Application: For bright, decorative 
and protective coating of zinc and 
cadmium surfaces; replacement 
for chromium or more costly me- 
tallic coatings; finishes for zinc 
replace cadmium where soldering 
is not a problem. 
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Sight Glasses 32 


Swift Lubricator Co. Inc., Elmira, 
mY. 


Form: Pyrex polished plate glass in 
round, square, rectangular, and 
odd shapes 


Size: Any size that can be fabri- 
cated from 24 x 60-in. plate; thick- 
hesses y%, ts, y, 36, %, 56, %, 
and 1-in. 

Service: All chemicals except hy- 
drofluoric acid and strong, hot 
caustic solutions 

Properties: Heat-resistant; high 
thermal shock resistance; does not 
cloud or pit 

Application: For observation win- 
dows on ovens, processing tanks, 
Teaction kettles, furnaces, pres- 
sure vessels, etc. 
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"R-B-M INDUSTRIAL 


CONTACTORS VA), le 






Underwriters’ Approved. 
600 Volts AC 

































SIZE 
Non-Reversin, 
2 to 4 Pole 2-3/4” w. x 3-5/8” h. x 3-5/16" d. 
5 to 8 Pole 5-9/16” w. x 3-5/8” h. x 3-5/16” d. 
Reversin 
2 to 4 Pole 5-9/16”" w. x 3-5/8” h. x 3-5/16” d. 
Note: 10 and 15 ampere contactors have same mounting and over- 
all dimensions. 


ACCESSIBILITY 
To replace contacts, it is not necessary to disassemble the complete 
contactor. Just remove the parts comprising the stationary and 
movable contacts. Contacts can be ahead without disturbing 
wiring. To change coil, remove magnet frame and coil assembly 
only. (See illustration below.) 


FLEXIBILITY 
Using a screw driver ony you can easily change any pole from 





normally open to normally closed. No special parts required. 10 
and 15 ampere parts are interchangeable. 


RELIABILITY 
Laboratory tests involving millions of operations, plus field serv- 
ice of thousands of R-B-M contactors on door operators, radio 
transmitters, packaging and weighing machinery, hoists, machine 
tools and many other industrial appli- 
cations offer proof of dependable, 
trouble-free performance. 


ADVANCED DESIGN 
Melamine Insulation. Molded coil 
housing. Ilsco solderless connectors. 
50/60 cycle magnet coils. Palladium 
silver contacts. Stainless steel self-con- 
tained contact springs. 


Where space is a factor, and accessibility a 

must—use R-B-M industrial contactors. Initial 

low cost plus dependable performance will 

save you money. Write for Bulletin 600 and 

price list on your company letterhead. 
Address Dept. B-6 





R-B-M DIVISION 
ESSEX WIRE CORP. 


ogansport, Indiana 


MANUAL AND MAGNETIC ELECTRI( ONTROLS 
FOR AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND ELECTRONIC USE 
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Recorder 


Baldwin-Lima-Hamilton Corp., 
Phila. 42, Pa. 


Designation: MD-2 
Style: Self-contained, portable, 
autographic, type “X-Y” 
Size: Approximately 14 in. 

long by 10 wide by 13 high; 
weight 50 Ib; 10 in. chart 
paper, 150 feet long 
Service: For stress-strain recording in conjunction with 
testing machine and extensometer equipment; ac- 
tuated by Microformers (variable transformer) or 
Bourdon tubes; full 10 in. scale response of stylus 
in approximately 6 seconds on full-scale range, 3 
seconds on half scale range; full rotation of drum 
in 20 seconds, 10 seconds with gear change mechan- 
ism 
Design: Two driving units—for drum rotation and styl- 
us movement; twin amplifiers; two self-balancing 
bridges include a pair of Microformers—one the re- 
corder and the other, external, electrically connected 
to it; recording sensitivity of Microformer 0.000015- 
in., accuracy of recording within 0.2 per cent of-scale 
range 
Application: Recording on rectangular co-ordinates of 
simultaneous relationship between any two variables 
that can be made to actuate Microformers or in sys- 
tems where hydrostatic pressure is proportional to 
load. 
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Insulation Tester 34 
James G. Biddle Co., 1316 Arch St., Philadelphia, Pa. 





Designation: CVM 

Style: Midget constant voltage type 

Size: 5% in. high by 5 wide by 7% long; weight 6% lb. 

Service: Direct readings of insulation resistance; 
ranges from 0 to 10, 20, and 50 megohms and 10,000 
ohms, constant d-c voltages of 100, 250 and 500 

Design: Hand crank operated a-c generator with dry 
type d-c rectifier; plastic case with fold-away carry- 
ing handle and crank and flush clamp terminals; 
fabricoid or leather case 

Application: Tests on wiring of aircraft, marine and 

industrial equipment. 
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Capacitance Meier 35 


MacLeod and Hanopol Inc., 10 Joiner St., Charlestown 


29, Mass. 














Style: Self-contained, direct reading; relay rack cab- 
inet 

Size: Panel 10% by 19 inches; weight 40 Ib; 4-in. in- 
dicating scale 

Service: Capacitance readings in full scale ranges of 
0.1, 1.0, 10 and 100 ywuf; measurements made at 500 
kilocycles; 60-cycle a-c operated 

Design: Absolute accuracy better than 95 per cent and 
reproducibility to less than % per cent; standard 
BNC fittings for connection of two 16-inch test 
cables 

Application: Production and laboratory testing of low 
capacitance values. 
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General Electric Co., Meter and Instrument Div., Sche- 
nectady 5, N. Y. 


Designation: Type AK-3 

Style: Hook-on type, portable 

Size: Effective scale length 13% in. 

Service: Direct power factor reading in balanced three- 
phase circuits with voltages ranging from 100 to 
600 and currents ranging from 15 to 600 amps, fre- 
quency range from 50 to 90 cycles 

Design: Plastic case with integral handle; direct | -ad- 
ing for any case obtained by rotating thumb dial 
to proper setting; accuracy to within 0.05 PF; volt- 
age breakdown 4000 volts rms 

Application: On-the-spot check of power factor in «lec- 

trical circuits of industrial equipment. 
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Power Factor Meter 36 
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Now-Automatie Lubrication System 
PES. SMPLFES..CUTS COST OF MACHINERY LBRO 
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_ AUTOMATIC LUBRICATION SYSTEM 


Unbelievably simple system Are oil into mist, distributes it 
through tubing to bearings. Bathes all bearing surfaces with 
fresh, clean, coo! oil film. Uniformly maintains oil film on all 
sliding, rubbing, rolling parts regardless of variations in 

load, temperature or gts No “peaks and valleys” of 
lubrication. 


Fully scabetle<alion boanes waste and the uncer- 
tainties of the “human element.” Extends bearing 
life as much as 171 times. Seals bearings against 
dirt and abrasives. Cuts oil consumption as much as 
90%. Greatly reduces the number of oils needed. 


Eleven yptiots on this automatic electric saw are served by Oil-Mist. 

Flexible lines carry lubricant to reciprocating and escillating parts . 
condensing fittings apply liquid oil to a cam and roller . . . a spray 
fitting sprays oil on a drive chain, gear and sprocket. The lubricator is con- 
trolled automatically by the machine switch. 








<— OlL MIST 


DESK-TOP DEMONSTRATION 
No obligation — Mail this coupon now 


A trained Alemite Lubrication Engineer will 
give you the Desk-Top Demonstration at your 
office without obligation. 





® You'll marvel that a system so 
simple— without any moving parts— 
can bring such a revolutionary change in the lubrication 


Alemite, Division of Stewart-Warner, Dept. R-61 


of machinery. Requires only two simple settings—to con- 
tro! the amount of air pressure and to regulate the density 
of the Oil-Mist. Once set, they need no further attention. 
Proved by plant installations on a wide variety of ma- 
chines in many industries including steel, coal, food proc- 
essing, chemicals, metalworking, textiles and woodwork- 
ing. Get the proof yourself, with the Desk-Top Demon- 
stration in your office, without obligation. 


OULMAIST lubrication 
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Alemite 


1850 Diversey Parkway, Chicago 14, Illinois 


(L] Please have your Alemite Lubrication Representative arrange a desk- 
top demonstration of Oil-Mist. This entails no cost or obligation on 


my part. 
(DJ Please send me information about Oil-Mist by mail. 





My name 
Position 


Company (leave blank if letterhead attached) 








HOLO-KROME 
Completely lold Jorged 
Socket 





PIPE PLUGS 


UNIFORM SOCKET DEPTH — True hex 
shape, clean taperless walls, eliminates socket 
deformation under high wrenching torque. 


CLOSER TOLERANCES — Held to one-half turn, 
plus or minus, on finest ring gages. 


ACCURATE THREADS — Checked for lead, 
pitch — Clean and sharp — Held to 
standard specifications. 


GREATER STRENGTH — Completely cold forged 
of special analysis alloy steel and scientifically heat 
treated. Also available in metals other than 

standard alloy. 


' 


és 


NG PERFORMANCE GUARANTEED 





/ 


® Available from Holo-Krome 


Authorized Industrial Distributors 


apt Ol Fiat 
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squares, rectangles and odd shapes in %, *, 
%, %, %, %, %& and 1-in. thicknesses. 


FOR MORE INFORMATION 


developments in “New Parts” and “Engineering Department” 
sections—or if “Helpful Literature” is desired—circle correspond- 
ing numbers on either card below 
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97. Speed Reducer ‘ 

Dodge Mfg. Corp.—i1é- 
letin A-470A covers 
torque-arm speed reducer series. Tabular 
formation makes easy selection of right re- 
@ucer for any installation if horsepower 
required and speed and size of shaft to be 
driven are known. 


98. Retaining Rings 

Waldes Kohintoor, Inc.—Engineering speci- 
Beations and application data on Truare re- 
taining rings for taking up end-play are given 
in 16-page illustrated bulletin No. 6. Bowed 
and beveled ring types in external and 
internal styles which compensate for varying 
manufacturing tolerances and wear are covered 
and complete dimensions given, 


99. Rotary Shaft Seals 


Garlock Packing Co.—‘Mechanical seals for 
Rotary Shafts’’ is title of 16-page illustrated 
Manual which explains design and application 
of packaged, chevron and O-ring seals. Details 
of construction, applicable service and sizes 
are included. Sectional drawings show typical 
uses. 


100, Flexible Shoft.Machires 


Swartz & White Mfg. Co., Binghamton 
Fiexible Shaft Div.—20-page illustrated cata- 
log describes various Binghamton  fiexible 
shaft machines for grinding, sanding, drilling, 
polishing, buffing and r . Table pre- 
gent specifications, capacities and other data. 
Attachments available for machines are 
covered, along with special flexible shaft 
applications. 


101, Electric Brakes 


Warner Electric Brake & Clutch Co.—Com- 
plete instructions for installation, servicing 
and trouble-shooting on all Warner electric 
Drakes for commercial and coach trailers are 
contained in fllustrated service manual No. 
SAT BB. 


102. Miniature Ball Bearings 


Miniature Precision Bearings, Inc.—12-page 
filustrated catalog 5ib contains complete 
specifications on more than 70 different types 
and sizes of miniature ball bearings. Details 
of typical applications and diagrams of cur- 
rent installations in various fields are included. 
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108. Thread Inserts 
Heli-Coil Corp.—16-page illustrated en 


be used when 
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ie 
ment, as well as die tasting, metal produd 
ction 


finishing, produ assembly, tool 
die making and design engineering. 
116. Low Pressure Molding 


Inc.—4-page 


high impact low pressure 2 


and waterproof, 


sawing, 
sanding printing. 
colors are available. 


117. Vacuum Calculator 


punching, 
Thirtees 


J, Stokes Machine Co.—Slide rule type 
free, It 


F. 
“Vacuum Calculator’ is_ offered 
permits computations in 
design and processing 
quickly and 
Such 
evacuate given volume to 
in. glyen time can be handled. Water 
pressures at various temperatures, cap 
of round tanks and other data can be 
termined. 


118. Hose & Fittings 


research, 

work to be performed 
accurately by simple operation 
as needed pump capacity ' 


Weatherhead Co.—20-page illustrated cat 


log H-1451 on reusable steel hose ends 
industrial hose describes five types 


of in 


trial hose for all pressures, available 00 


assemblies and hose and fittings. 
procedures for making up assemblies 
depicted. 


119, Flexible Shafts & Couplings 
Kupfrian Mfg. Co.—Typical applicat 

available fittings, sizes and properties of 

duty flexible shafts are detailed in #1 


Step-by-# 


Mustrated bulletin 5194. Also covered 


which are partic 


applications in automo 


, aeronautical and industrial 


ment. 
120. Torquemeter 
Baldwin-Lima-Hamilton Corp. — 8-paé® 
lustrated bulletin 328 describes Baldwin 
torquemetets which are based on med : 
with SR-4 resistance wire strain gases. 
mensional, instrument characteristic 
standard graduation tables for in 
ranging from 100 to 20,000 in.-Ib are ip 
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RECIS ION BALL AN D ROLLER BEARINGS 






pontact KAYUUN or wasters 


FOR ALL TYPES OF BALL AND ROLLER BEARINGS: 4” BORE TO 120” OUTSIDE DIAMETER 


KAY ] | \ precision needle bere . 


are factors in tractors, foo... 











... for instance, in 
the tractor engineered to 
make farmers say: 


Moke sha Messey Maris 


Now Massey-Harris engineers have adopted KAYDON 
Precision Needle Rollers for the transmission gears 
of their Model 55 Tractors. Here, as in many other 
automotive transmissions, universal joints, clutches, 
steering gears and various precision assemblies in 
all types of machinery . . . these dependable, eco- 
nomical precision needle rollers are “making good.” 


Billions of them are being made in standard sizes, 
\” to,” diameters (tolerance .0002” on diameter), 
flat or rounded ends. You get the benefit of low cost 
for highest performance-proved quality, in small or 


siedede 





+l 





large quantities. 

Used between hardened shafts and hardened bores 
of housings or gears, they eliminate need for bear- 
ing races and they provide the most compact high- 
capacity anti-friction bearing possible. They require 
no more space than so-called plain or “solid bear- 
ings.” © Tell us what sizes and quantities you might 
use. It pays to “contact KAYDON of Muskegon.” 


KAYDON Types of Standard and Special Bearings: 
Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
¢ Roller Radial ¢ Roller Thrust ¢ Bi-Angular Bearings 

ENGINEERIN G CORP. 


MUSKECGCONeMICHICGCAN 
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HOW TO REDUCE 
YOUR MOTOR CONTROL PROBLEM 
TO ONE QUESTION—WHERE? 


“Building-block’’ units permit grouping 
all motor controls at one point 


You control a// the motors in an entire area, floor 
or building—when you centralize the controls with 
Ward Leonard MULTITROL*. 

Prefabricated MULTITROL units (each a complete con- 
trol for one motor) fit into standard framework in any 
arrangement to suit the space. Units can be added, sub- 
tracted, interchanged, or relocated. 

Some of the problems MULTITROL solves include: Struc- 
rman eng“ 1 —none needed, MULTITROL units are free- 
standing. Obstructions—no difficult cable or pipe forming, 
no chopping out walls. Appearance—no haphazard box 
mounting. Safety—completely deadfront construction. 

Investigate MULTITROL. Wide choice of starter types, 
combined with externally-operated thermal circuit break- 
ers. Write for Bulletin 4410. WARD LEONARD ELECTRIC 
Co., 58 South Street, Mount Vernon, N.Y. Offices in prin- 
cipal cities of U. S. and Canada. 


*Also available for D-C 


WARD LEONARD 
ELECTRIC COMPANY 
FR csclO- Engineered Conttols Since 1892 


RESISTORS + RHEOSTATS « RELAYS + CONTROL DEVICES 











Formerly director 
of engineering, Fred 
K. Powell dr. has 
been named vice pres- 
ident in charge of en- 
gineering of Ameri- 
can Machine and 
Foundry Co. Mr. 
Powell first became 
associated with Amer- 
ican Machine and 
Foundry Co. in 1947, 
after eight years with 
the General Electric 
Co. He joined Gen- 
eral Electric upon his 
graduation from the 
University of Mis- Fred K. Powell Jr. 
souri in February, 

1939, as a bachelor of science in mechanical engineer 
ing. He was named director of AMF engineering il 
September, 1950. In 1946, Mr. Powell received th 


Charles Coffin. Award for his work in development 0 


magnetic mine sweeping equipment. 


* 


Edgar H. Cum- 
mings has assumed 
the duties of chief en- 
gineer of the Cleve- 
land Chain & Manu- 
facturing Co. and 
Round Associate 
Chain Companies. The 
Round Companies op- 
erate nine plants and 
warehouses in the 
United States devoted 
to the manufacture 
and distribution of 
welded and weldless 
chain, as well as a 
line of hand chain 
and electric hoists 
and other materials 
handling equipment. In his new position Mr. Cu 
mings will have charge of plant, production, and ¢ 
sign engineering for the system. Previous to his 
appointment, he was assistant chief engineer fa 
American Monorail Co. and before that was a rese@™ 
engineer for the Republic Steel Corp. At present chal 
man of the Cleveland section of the ASME, Mr. 


Edgar H. Cummings 
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mings attended Case Institute of Technology and 
ohn Huntington Polytechnic Institute. 






S 


Herman A. Botten- 
horn has been ap- 
pointed chief engi- 
neer of Loewy Roll- 
ing Mill Division, Hy- 
dropress Inc., New 
York. Mr. Botten- 
horn is a graduate 
mechanical 
and is a specialist in 
the design, develop- 
ment and manufac- 
ture of rolling mills 
7 for the ferrous and 
‘ nonferrous industries. 


positions with lead- 
ing rolling mill con- 
cerns and has been a 
aborator of Erwin Loewy, president of Loewy-Hy- 
press, for more than 30 years. 









rman A. Bottenhorn 


¢ 


An employee of the Cleveland Automatic Machine 
». for 33 years and chief engineer since 1944, A. F. 
dinek has been named a director of the company. 


Jr. 


gineer 
ring ij 


e 


David B. Steinman, who holds three degrees from 
ed th@iolumbia University, has received the Egleston Medal 
nent Mor 1951 from the Engineering School Alumni Associa- 
lion of the University. Considered one of the world’s 
utstanding bridge engineers, Mr. Steinman is also 
nown as the father of legislation requiring licensing 
bf professional engineers, is the inventor of several 
mportant techniques in bridge design and constryc- 
ion, and is the author of many treatises, papers and 
rticles. 


+ 


John Delmonte, 719 West Broadway, Glendale 4, 
aif, has resigned from Plastics Industries Tech- 
tical Institute and West Coast University in order 
devote full time to research and consulting activi- 
ies in plastics. Mr. Delmonte has written many ar- 
icles on plastics for MACHINE DESIGN and is the 
uthor of Plastics in Engineering, one of the books 
ithe MACHINE DESIGN series. 
















° 





On leave of absence while serving with the U. S. 
partment of Agriculture, John I. Thompson has 
turned to the positions of president and chief en- 


sineer of John I. Thompson & Co., Washington, D. C., 
ngineers. 





ings 


Cun 
nd d 
‘is ne 
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° 


-Link-Belt Co. has announced the appointment of 
bert W. Suman as chief engineer of its Philadelphia 
lant, He has been chief engineer for power trans- 
sion products since 1946 and is now assuming the 
ded responsibility of materials handling equipment 
‘gineering. Two new appointments were also made 
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saves work—and cost— 
of hocking them up 


It used to take 25 conventional resistors, 1134 x 1% in., 
spaced on 2'% in. centers, to keep the power company 
happy. 

Ward Leonard worked out the problem with a single 
Edgeohm resistor, 19 in. long—saving all that space, 
weight, mounting and wiring. 

Here’s the application: a 40-kw radio transmitter, oper- 
ating from a 50 kva transformer, made by a large trans- 
mitter manufacturer. Problem: limiting inrush current to 
avoid a severe voltage dro tebieceadl to by the power 
company) and a strain on the line contactor. 

This single Edgeohm unit is rated for continuous duty at 
2200 watts, and when used for a 15-second interval, will 
dissipate 6400 watts! 


Another example of Ward Leonard “Result Engineer- 
ing”, providing the desired result at a saving! WARD 
LEONARD ELECTRIC CO., 58 South Street, Mount Vernon, 
N. Y. Offices in principal cities of U. S. and Canada. 





WARD LEONARD 
ELECTRIC COMPANY 


PR cacl- Engineered Cortiols Since 1892 


RESISTORS + RHEOSTATS + RELAYS + CONTROL DEVICES 
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if it has to be really 


oilproof 





There’s nothing to fatigue in 
Resistoflex hose —not the synthetic 
rubber jacket, the high grade yarn 
braiding, nor the compar tube. 


And no gumming, eroding or swell- 
ing from oil either. For the compar 
tube is impervious to water-insoluble 
oils and compounds. The compar tube 
also adds more than necessary 
strength for medium pressures and 
shock loads in hydraulic systems. 


For years, many well known com- 
panies have standardized on 
Resistoflex Hose Assemblies to 
assure minimum line troubles 
and replacements. You, too, will 
find that Resistoflex quality 
pays off in the long run. Write 

for specification sheets. 


ef a 


ede start Beg = US & Con Per On 


ESISTOFLEX 


CORPORATION 
Belleville 9, New Jersey 


recently at the company’s Pershing Road plant j 
Chicago. Ralph W. Rausch was appointed consultiy 


engineer, and Joseph J. Richard, heretofore executivg 


assistant chief engineer, was named to succeed Mr 


Rausch as chief engineer. 
J 


Two new appointments were announced recently j 
the Turbine divisions of the General Electric 
W. E. Blowney has been appointed divisions engineg 
of the company’s Steam Turbine, Generator and 
Engineering division at Lynn, Mass., and L. B. W 
has been named division engineer of the Auxili 
Turbine Engineering division at Fitchburg, Mass. 


+ 


Ralph H. LeBow has joined The Parker Applians 
Co. as staff engineer for aircraft fuel system compe 
nents. Upon graduation from Massachusetts Institut 
of Technology in 1938, Mr. LeBow joined Lawrane 
Aeronautical Corp. Following three years of na 
service in the Bureau of Ships, he returned to th 
field of aviation, joining the Power Plant Laborato 
of the Air Materiel Command at Wright Field. } 
LeBow assisted as USAF technical adviser in the first 
non-stop jet aircraft Atlantic crossing in September 
1950, a flight accomplished by several in-air refuelings 


utilizing a new method. 
° 


Two new appointments have been announced by 
Harnischfeger Corp., Milwaukee. Joseph G. Surmaci 
has been named to the newly created position 0 
chief industrial engineer, and David A. Drewery has 
been appointed plant industrial engineer. 


. 


The Scaife Co. of Oakmont, Pa., has announced 
the appointment of Allison L. Bayles as vice preside 
of engineering. He will be in charge of all phases 0 
plant engineering, as well as product design and et 
gineering. Mr. Bayles formerly was associated with 
C. H. Wheeler Manufacturing Co. and American Er 
gineering Co., Philadelphia. 


° 


W. F. Tuttle has been appointed chief engineer 0 
Armco Steel Corp., Middletown, O., replacing E. ». 
Millan. Mr. Millan asked to be relieved of his duties 
as active executive head of the engineering divisio 
but will continue with the company in a consulting 
and advisory capacity on engineering problems. 


° 


Magnethermic Corp., Youngstown, recently 4 
pointed B. C. McArthur as chief engineer. For the las 
seven years he has been with Aluminum Co. of Ame 
ica, Cleveland, in charge of induction heating deve! 
opment and application. 

° 


John S. French has been appointed assistant 
rector of the Office of Defense Products, Ford Mots 
Co., Dearborn, Mich., succeeding Harold R. Fé 
who was named assistant director of manufacturil 
engineering. Mr. Foss was a member of the manuf 
turing engineering staff before being transferred ' 
the defense products office last fall. 
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Faster Assemblies, too 


You can have Reliance 

Spring Lock Washers 

of the correct type and 
size, pre-assembled on the bolts 
or screws you use, saving the 
time required to assemble them. 
They're called Eaton Springtites. 
Write for bulletin S-49. 


Strong Shoulders 
in Seconds 


Reliance Snap Rings fit 

into shallow grooves in 

shafts or bores, forming 

strong, long-wearing exter- 

nal or internal shoulders without 
extensive, costly machining or 
waste of metal. Write for bulletin. 


EATON 


EATON MANUFACTURING COMPANY i) RELIANCE DIVISION, MASSILLON, OHIO 


Sales Oftices: New York, Cleveland, Detroit, Chicago, St. Louis, San Francisco, Montreal 


prove to yourself 
the advantages of a 
heat treated helical 
coil washer... 


it’s the natural mechanical action of 
Reliance Spring Lock Washers that 


keeps bolted assemblies ......-. 


TIGHTER LONGER 


® lay a Reliance Spring Lock Washer on a hard surface and 
try to flatten it. 


® when that lock washer is compressed to flatness in a bolted 
assembly, the powerful reactive force—developed through care- 
fully-controlled heat treatment—which resists your flattening 
attempt exerts constant pressure under the nut or bolt head to 


keep the assembly tight. 


@® when parts become worn or the nut is backed off, the lock 
washer continues to function until it regains its original form. 


® no other fastening device packs such powerful, highly-con- 
centrated reactive force in such compact form. This pressure is 
exerted on all engaged threads, not concentrated on one. 


® no other fastening device has such a wide reactive range. 


® no other fastening device provides the dependable, enduring 
bolt tightness you get by using Reliance Spring Lock Washers. 


@ keep this test in mind when you specify or order fastening 
devices. 


RELIANCE fede 
LOCK WASHERS 


In Canada: Eaton Automotive Products, Ltd., London, Ontario. 





For Drawings That Wont 
Get ‘EDGY’ With Age... 


Specify Arkwright Tracing Cloth! Then you can be 
sure that no matter how often a master drawing is 
yanked out of the cabinet, it will never become 
ripped, or paper-frayed around the edges to spoil 
your work. 

Arkwright Tracing Cloth is the best insurance 
you can get that your drawings will never go 
brittle, discolor or become opaque with age. Best 
insurance, too, that original drawings are always 
sharp, clean and ghost-free. Erasures on Arkwright 
cloth re-ink without feathering. And every roll is 
carefully inspected for pinholes, thick threads or 
imperfections of any kind. 

All good reasons for you to remember: if a 
drawing is worth saving, put it on Arkwright Trac- 
ing Cloth. Would you like a sample? Write Ark- 
wright Finishing Company, Providence, R. I. 


ENGINEER'S 


THE 


Library 


The Behavior of Engineering Metals 


By the late H. W. Gillett, chief technical ad- 
viser, Battelle Memorial Institute; published by 
John Wiley and Sons, Inc., New York; 395 pages, 
6 by 9 inches, clothbound; available through Ma- 
CHINE DESIGN, $6.50 postpaid. 


To explain the performance of engineering mets 
—not the reasons or theory of behavior—is the chid 


objective of this book. Thus, it is written for thosqie 


who are not metallurgists but who participate in the 
selection of metals and alloys for engineering use 
In keeping with this purpose, the first six chapter 
of the book deal with basic concepts in minimum 
technical language. Portions of this extended intro 
duction appeared as articles in MACHINE DESIGN fo 
March and May, 1951. The next nine chapters outling 
the behavior of each of the principal commercia 


metals and alloys, ferrous and nonferrous, including. 


less-common alloys such as those of titanium, zircon-fjj 


ium, silver, gold, platinum, tantalum, and molybdenum fur 


The next eight chapters discuss various influences 
on material behavior and selection, such as: effect 
of hydrogen; machinability; inhomogenous, clad, and 
coated metals; metal films and surfaces; powder met- 
allurgy; bearing metals; wear and corrosion; and ex 
treme-temperature service. In the final chapter, vari- 
ous economic or strategic factors in material selec: 
tion are briefly discussed. For those who wish to in- 
vestigate metals and alloys in greater detail, a helpful 
list of reference sources is included as an appendix. 


w & 


Gas Turbines 


By Harry A. Sorensen, professor of mechuni- 
cal engineering, State College of Washington; 
published by the Ronald Press Co., New York; 
460 pages, 6 by 9 inches, clothbound; available 
through MACHINE DESIGN, $6.50 postpaid. 


Although written as a textbook suitable for at 
vanced college courses, this book contains a numbe! 
of features which will appeal to practicing engineer’ 
The author has drawn upon his experiences with 
Pratt and Whitney on jet engine and gas turbine de 
sign to produce a work which combines theor: with 
a practical approach. Knowledge of the elements ol 
engineering thermodynamics is a prerequisite io ce 
tain portions of the discussion, but for the benefit of 
engineers who may be slightly rusty in this field 3 
review chapter on basic principles is included. 

The book is organized into twelve chapters 
topic or function rather than by application. Thus 
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pVERTI SEMENT 


lear Coatings for 
inc and Steel Stand 
00 hours’ Salt Spray 


nereased use of zinc die castings 
nd of zinc-plated steel to replace 
navailable materials, combined 
jth the tight supply of copper, 
nickel and chromium normally 
wed for plating zinc, has focused 
ttention on surface coatings com- 
arable to plating in service per- 
ormance. Unbiased laboratory 
sts show that at least two of the 
lear finishes in the company’s line 
yithstand the exceptionally long 
metal@eriod of 800 hours’ exposure to 
1e chiefalt spray and to weatherometer 
r thosamtests. 

> in the 
ng use 
hapters 
inimum 


' ad- 
l by 
ges, 
Ma- 


Effectively protect zinc 


hese tests demonstrate that DU- 
 introf AC Clear Universal Lacquer #462 

In'0find CODUR Clear Synthetic Y743 
IGN fomiprovide completely satisfactory 
Outling—protection on zinc, zinc plated steel 
nercialgaad steel. Even after the unusual- 
sluding ly severe tests to which these fin- 
~..._mshes were subjected, there was no 
Zircol'Mindication whatever either of fail- 
Jenum@ure of the coating or of discolora- 
uences tion of the zinc. 


effect 





d, and 
Tr met- 
nd ex- 
, Vari- 
selec: 
to in- 
elpful 
endix. 








i. (let) A zine-plated steel panel newly coated 
vith DULAC #462. (Right) A similar panel 
otter 800 hours’ exposure to salt spray, show- 
mg no evidence of attack on the finish. 


Adaptability to Drying Schedules 
r ad: Whi , — P 
oe € both finishes give the same 

performance, DULAC #462 is an 
eers Bilr-drying coating, while CODUR 
with #743 is a baking type. This per- 
> deff Mts choice of the correct finish 
with : fit into the drying schedules 
al “a particular finishing room. 


er 
- , Technical Data Bulletin #110 on 
l ear finishes is available from 
ld 4} Maas & Waldstein Co., 430 River- 
Side Avenue, Newark 4, N. J. On 
mst M & W Technical Service 

Sineers will discuss specific 
Problems, 





hus, 
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NOW / shutete copper, 


brass and bronze on products 
like these with 


M&W PLATELUSTRE 


@ Don’t let critical metals put a needless crimp in your production! 


Take zinc or steel—apply a coating of one of the new PLATE- 
LUSTRE finishes. You wind up with products and parts that 
look so much like copper, brass and bronze that the eye can 
scarcely tell the difference! 


Whether you have been using now unavailable copper and 
its alloys for making products or for plating products, you will 
find these new M & W finishes equally effective in keeping your 
plant running. There are types for air-drying and baking 
schedules — pick the one that best fits your production 
requirements. 

Let an M & W Technical Service Engineer show you—right 
in your own plant—how easy these PLATELUSTRE coatings 
are to use, and what striking effects they produce. Or, if you 
prefer, write for free literature. 


PIONEERS IN PRODUCTION 








WALDSTEIN CO. 223. ====m, 


PACIFIC COAST DIVISION: SMITH-DAVIS CO., 10751 VENICE BOULEVARD, LOS ANGELES 34, CAL. 
MANUFACTURERS OF INDUSTRIAL FINISHES 


al 





typical chapter headings are: simple open-cycle g, 
turbines; the axial-flow compressor; centrifugal ay 
positive-displacement compressors; axial-flow ty. 
bines; combustion systems; structural design; ay 
plant performance. Although to date there is mo 
experience with aircraft applications than with othe 
types of powerplant, the book treats the gas turbiy 
powerplant as a basic type which can, through mod 
fications in design and construction, be applied tj 

‘ | a E W many classes of service. The appendix contains cop 

the AL Tk ¢, Y densed tables of thermodynamic properties of air anj 

a 


products of combustion, and the book concludes witi 


L ov E J OY a series of numerical problems. 


TILTING | | 
toe me) ° 4 13 4 ASE The Practice of Lubrication 


Revised fourth edition, by T. C. Thomsen; 
published by McGraw-Hill Book Co., New York, 
N. Y.; 617 pages, 6 by 9 inches, clothbound; 
available through MACHINE DESIGN, $8.00 post- 
paid. 


Carrying the subtitle An Engineering Treatise o 
the Origin, Nature and Testing of Lubricants, Thei 
Selection, Application and Use, this book by a Danis 
author has for many years been a standard reference 
work in its field. This new edition, the first sincd 
1937, includes much information on developments 
arising out of wartime experiences. Advances it 
lubricant technology, such as synthetics and the usd 
of additives, are covered. There is also discussim 
of the problems arising from higher speeds, highel 
pressures, and extremes of heat and cold. 
Maximum flexibility in design and per- Six preliminary chapters are devoted to lubricant 
formance . . . that’s what you get with and their testing. These are followed by a series‘ 
the new, low cost Lovejoy Tilting Motor chapters on the fundamentals of lubrication of 
Base. various types of bearings such as journal, thrust, at 
_ ball and roller bearings. The remaining portion ¢ 
the book, comprising almost two-thirds of the tot 
number of pages, is devoted to chapters on the lub 
| rication of specific types of machines such as turbine 
In performance, the Lovejoy Tilting Mo- ‘ engines, rolling stock, machine tools, and textile m 
tor Base offers flexibility of produc- | chinery. The chapter on gasoline engines contains 
tion. When used with a variable speed _ brief discussion of aircraft engines, including jet 
pulley, speed adjustments may be — gines and aircraft accessories, which seems somewha 
made while the motor is in operation, inadequate in the light of the known difficulties 
merely by turning the handle screw perienced in lubricating this type of equipment. TH 
adjustment. It maintains proper belt ional lud : ) recover’ 
sonsiom of oft Gee. concludes with three chapters on oil rec T) 
purification, storage and distribution, and on cutting@y,| 
Mount your fractional HP lubricants and coolants. 
motors on sturdy, low cost 
Lovejoy Tilting Motor Bases. 


In design, it is adjustable in both width 
and length to accommodate all sizes 
and types of motors up to % HP. 


hac 
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Write for - _ ' alias , 
ais 
Complete imensional Analysis and Theory of Mode 


Information By Henry L. Langhaar, professor of theoreti- 


cal and applied mechanics, University of Illinois; 

published by John Wiley and Sons Inc., New 

able through MACHINE DESIGN, $4.00 postpaid. 
5018 W. Lake Street Chicago 44, Illinois 


Also Mfrs. Lovejoy Flexible Couplings, Universal . P P ° oe from 
Qnate. cud Castes Genel teeta _ Practical uses of dimensional analysis rang‘ 
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FREE HAND GRINDING 
= APLIMINATED on heavy journal 


Se t 


“{ bearings with WARNER ICB 
| equipped Besly Grinder 














Sete, 


> lub 5 r Full view of Besly special two-station grinder for 
bine - — 3 : facing off bronze journal bearings. Machine in- 
> ma : corporates two Warner ICB combination electric 
‘ins clutch and brake units. (See close-up). Machine 
completes three bearings per minute, eliminates 
t ef : human error of hand grinding, assures uniformity. 
what —_ . —" ICB units start, stop and position work pieces at 
iS ex . — each work-holding station. 
, The 
very, 
ttingam 








ARNER ICB units offer a wide variety of design possi- 
ilities in the control and operation of nearly all types of 


hachinery. Simple in construction, they occupy little space. | 
Myerated electrically, they provide instant, smooth response. 

tady being used on many different kinds of machinery ' 

0 simplify control, eliminate complicated mechanical drives, 


‘tease production, provide greater safety and reduce 

Maintenance, WARNER ICB units are available in several 
ies, as single clutch or brake units, or in combination. 
; tite today ‘fer complete information. Our engineers will 
: sult with you, at no obligation. WARNER ELECT RIC 
BRAKE & CLUTCH CO., Beloit, Wisconsin. , Dept. MD. 





WARNER ICB Units are manufactured by Warner Electric Brake Mfg. Co. 
-— pioneers in the field of electric brake design and application since 1927. 
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the simple to the complex. At one end of the scale ig§-— 
the application to working formulas to find whi 


} 
numerical adjustments must be made if the units, 
measurement are changed. At the other end are tha— 
derivations of formulas and “laws” which enormous) 
simplify the determination of experimental constantgj— 
and coefficients by pointing the way to systematij 
testing programs. a 


Ten chapters cover: Nature and use of dimension#j — 
principles and illustrations of dimensional analysis 


systematic calculation of dimensionless products 
aH ADS _ algebraic theory of dimensional analysis; sing) _ 
Q | jlarity and model testing; dimensional analysis a 


plied to problems of stress and strain; some applica] — 
tions of dimensional analysis in fluid mechanics 
solves dimensional analysis applied to the theory of heat = 
dimensional treatment of problems of electromagnetig 
many Pp r oblems | theory; and differential equations and similarity. me 
Although the treatment of fundamental principlej— 
caused by sliding or rotat- is systematic and thorough, that part of the book 
ing parts which are difficult | that would be needed by an engineer in solving 
| practical problems requires for its understanding] _— 
or impossible to lubricate | only basic algebra and an appreciation of the concep 
of a function. Use of matrices is presented in sucl 
a manner that numerical procedures can be reduced 
: ; to simple routine, eliminating cut-and-try methods 
of problems are facing engineers | and arbitrariness in results. Numerical examples arj — 
and designers today involving worked out in the text and additional problems given 
sliding or rotating parts where | at the ends of the chapters; answers to the prob- 
lubrication is difficult or im- lems are provided at the end of the book. ae 


—— 


A constantly increasing stream 


possible. For such applica- 


tions, Purebon, the mechanical New Standards 
carbon, is often the ideal 


answer. Typical applications Code for Pressure Piping ASA B31.1-1951: Spor 
are seal rings, bearings, sored by the American Society of Mechanical Eng'- | 
neers, this pressure piping standard specifies min™j— 
mum safety requirements for: (1) selection of sult 
Seca : able materials and reference to standard specifica 
and a host of similar items. | tions by which they may be secured; (2) designation] 
Purebon comes in a wide of proper dimensional standards for the elements 
variety of grades. It is strong, _ comprising piping systems; (3) design of the com 
tough, readily machineable and | ponent parts as well as the assembled unit including 
necessary supports; (4) erection of these systems; 
and (5) test of the elements before erection and oft 


pistons, piston rings, pump 
vanes, valve seats, meter discs, 


in many cases can be mold- 
ed directly to size. 


the completed systems after erection. 

, Copies of this 100-page standard may be obtainel 
Bulletin No. 482 tells the from the American Society of Mechanical Engineesj__ 
complete story of Purebon. 29 West 39th St., New York 18, N. Y., at $3.50 pe 


Write for your copy today. copy. 


PURE CARBON cO., INC. | Proposed Standards: The American Society of o 


_ chanical Engineers recently announced distribution ° 
446 HALL AVE. ST. MARYS, PA. | the following proposed American Standards 


1. ASA B5—Mounting Dimensions of Lubrica'ing 
and Coolant Pumps for Machine Tools — 
2. ASA B16—Nonmetallic Gaskets for Pipe Flanges 
3. ASA B32.1—Preferred Thicknesses for Uncoxted —— 
Thin Flat Metals 


Copies of tentative drafts of these standards may be 

obtained by writing to the American Society of M¢jj—- 
chanical Engineers, 29 West 39th St., New York 1g | 
N. Y. Comments on the proposed standards are invited fim Sates ¢ 
by the respective committees. E 
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Planning for the future is always, important 
whether you manufacture home appliances or 
concentrate your production on other types of 
consumer goods. Now is the time to consider 
OSTUCO Steel Tubing because no other ma- 
terial offers so many opportunities to improve 
design, cut costs, enhance beauty, and add 
strength while reducing weight. That's why 
more and more product designers and engi- 
neers have turned to OSTUCO. 

Because our Armed Forces are placing heavy 
demands on steel tubing output, we cannot 
always promise delivery estimates on new 
civilian orders. But, we do offer our full cooper- 
ation to help make your future plans take shape 


with OSTUCO Tubing. Please feel free to call Pp OSTUCO TUB | NG 
upon our experienced tubing engineers for ad- . 


From Your Blueprint ... to Your Product 


vice and information. ba W 


THE OHIO SEAMLESS TUBE COMPANY 


Manvfacturers and Fabricators of Seamless and Electric 
Welded Steel Tubing : ® Tapering ® Swaging ® Flang 


Upsetting ® 


Shelby 5, Ohio 


kf oj 
SWE ICES: BIRMINGHAM, P. ©. Box 2021 * CHICAGO, Civic Opera Bidg., 20 N. Wacker Dr. * CLEVELAND, 1328 Citizens Bidg. * DAYTON, 511 Salem Ave. * DETROIT, 
YORK ee Mile Road, Ferndale * HQUSTON, 6833 Avenue W, Central Park * LOS ANGELES, Suite 300-170 So. Beverly Drive, Beverly Hills * MOLINE, 617 15th St. © NEW 
Smith’ To Eost 45th St.* PHILADELPHIA, 1613 Packord Bidg., 15th & Chestnut PITTSBURGH, 1206 Pinewood Drive* ST. LOUIS, 1230 North Moin St.* SEATTLE, 3104 

wer * SYRACUSE, 50 WwRoberts Ave. * TULSA, 733 Kennedy Bidg. * WICHITA, 622 E. Third St.* CANADIAN REPRESENTATIVE: RAILWAY & POWER CORP., LTD. 
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your approved a=? source | 
for properly designed 

@ crates, baskets, 
racks, trays, or fixtures-- 


expertly fabricated Zp 


from any metal or alloy 


for processing your products or materials, in bulk, 
through liquids, heat, gases or corrosive agents. 


Submit your own blueprints for quotation, or merely 
give us the details of the process for which the 
assembly must be designed. Our trained engineers 


and metalworkers will do the rest. 


Look under ‘“‘Baskets—-Wire’’ in your Classified 
Telephone Directory to call your ayy gor FREE folder 


Cambridge Field Engineer ...or describing Cam- 
bridge facilities 


for special metal 


The Cambridge *abrications. 


write direct. 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES 
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NOTEWORTHY 


Ar LUBRICATION of spindle bearings without 
clogging of the bearing by foreign matter is covered 
in patent 2,535,454. Assigned to The Sperry Com, 
by Joseph A. Rawlins, the patent describes thrust ani 
journal bearings for spindles operating at speeds t 
50,000 rpm, such as in grinding wheels, with bearing 
clearances as small as: 0.0001-inch. Tendency of con- 
ventional air-lubricated bearings to bind after be 
coming clogged with dust particles is overcome by 




















joining the journal bearing blocks with spring clips. 
This spring mounting permits sufficient radial move 
ment of the bearing blocks to allow passage of any 
foreign particles without forcing them into the bear 
ing surfaces. Similarly, the two stationary plates 
forming the thrust faces of the disk type thrust 
bearing are pivotally held by spring clips to make 
them self-aligning in relation to the disk. Impur 
ties drawn in between disk and thrust faces can pas 
through without jamming the thrust bearing. 


Ro tune, rather than the conventional linea! 
movement, of valves in pressure regulators require 
a lower operating force and therefore permits use 

smaller and more compact diaphragms. Such a d¢ 
vice is covered in patent 2,517,534, assigned to Th 
Weatherhead Co. by Louis B. Courtot. The val¥ 
itself, a rubber or plastic cylinder formed around * 
metal sleeve, is mounted on a cam or offset section 
of the valve operating rod. A diaphragm, sensitiv’ 
to valve outlet pressure, is connected to the valve 

through a rack and pinion arrangement to conve 
linear diaphragm movement to the rolling valve move 
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OILITE Finished Machine Parts 


give you these important advantages: 


@ Quick delivery 


@ No fooling program 


@ Low price 


@ Release of skilled manpower 
@ Conservation of strategic materials 


ALTERNATE MATERIAL 

Oilite gives you a dependable 
alternate for bronze, brass, alumi- 
num, cast iron, steel, and plastics. 


MACHINING ELIMINATED 

Oilite processes help you elimi- 
nate as many as twenty-four 
machining operations. 


SIMPLE TOOLING 
Oilite products require little tool- 
ing; saving you floor space, jigs 


and fixtures, skilled manpower, 
and time. 

UNDUPLICATED EXPERIENCE 
Oilite engineers pioneered iron 
powder metallurgy; their experi- 
ence of more than twenty years, 
and Oilite’s broad facilities are at 
your disposal. 

OILITE FERROUS-BASE BEARINGS 
Heavy duty, oil-cushion, self-lubricating. 
Excellent for replacing your non- 
ferrous units of solid material. 


Q Note to Execicliven 


Some facts about 
Oilite Products 


Essentially, Oilite metal powder 
products constitute a new series 
of metals—each formulated to do 
a specific job. When used as re- 
placements for tin, aluminum, 
copper, and other strategic mate- 
rials, they often become perma- 
nent replacements. 

For example, on any unit where 
motion occurs, Oilite provides the 
otherwise unobtainable feature of 
self-lubrication. 

As withany other new material, 
habitual specifications should 
often be reviewed when consider- 
ing Oilite finished machine parts. 
To illustrate, designers using cold 
rolled steel, may automatically 
apply the strength specifications 
of that material. The engineer, 
however, knows that strength as 
low as 40% of steel is satisfactory. 

Another advantage of Oilite is 
its broad range of physical prop- 
erties. Thus, when high stresses 
exist, Oilite engineers specify the 
correct material necessary to 
meet the requirements. 

When production, including 
mass quantities, must be reached 
in record time, Oilite bearings 
and finished machine parts may 
provide you with an excellent 
reservoir. 


President 


Oilite representatives and field engi- 
neers are located throughout the U. S. 
and Canada. You are invited to contact 
the field engineer in your district or write 
the home office. 


AM PLEX MANUFACTURING COMPANY 


Oran 


Cg a CM ep 


OILITE 


PRODUCTS 


OILITE PRODUCTS: 

Heavy duty, oil-cushioned, self-lu- 
bricating bearings and finished ma- 
chine parts in ferrous and norfer- 
DETROIT 31, MICHIGAN rous metals and alloys. Permanent 


Besides Field Engineers, Supply Depots, too, are maintained filters. Friction units. Self-lubricat- 
in Principal U. S$. and Canadian Cities. ing cored and bar stock. 





e design with a future 








DURACOTE for DURABILITY | 


we 


RAWING BOARD planning for heavy duty 
machinery, office equipment, lawn furniture, 


or component parts for a score of products is the de- 





signer’s function. In addition it is his responsibility to 
specify the finish these products are to be protected 
with — adding years to their usefulness and reducing 
replacements and maintenance costs. Many designers 
knowing the quality and reliability of TOUSEY finishes 
specify them. 

If you are a designer or engineer and are seeking 
guidance in your finishing problems, may we suggest 
you drop us a letter or post card — helpful informa- 


tion will be on its way 


TOUSEY VARNISH CO. 


520 West 25th Street, Chicago, |!'. 











ment. Displacement of the diaphragm in response to 
outlet pressure variations rotates the valve rod and 
moves the cylindrical valve to either cover or uncover 
the inlet slot. This valve construction requires only 
a small operating torque. Also, inlet pressure does 
not tend to open or close the valve. The only w- 
balanced pressure is that exerted against the end of 
the valve rod—an axial force which has no effect on 


valve position. 


Foatine DRIVESHAFT employed in a heavy: 
duty vehicle wheel drive does not require radial bear- 
ings in the planetary gear drive mechanism. Patent 
2,543,811, assigned to The Euclid Road Machinery Co. 
by Virgil L. Snow and Walter F. Double, describes a 
mechanism contained within the wheel drum, which is 
driven by a floating driveshaft carrying the sun gear. 
Planetary pinion shafts are mounted on the wheel 
cover plate, with the ring gear splined to the station- 





~ 
. 
=. 
yo 


————_—— 


as > 
S 
\ 
WS - 
. Se 























ary axle housing through a spider. Riag and sun gears 
(and consequently the floating end of the drive shaft) 
are kept in correct radial position only by their com 
tact with the pinions which are, of course, confined 
radially by the cover plate on which they are mounted. 
Since any end thrust is absorbed by a pair 0! but- 
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CYLINDERS 


Meet J. I. C. 
PNEUMATIC 
STANDARDS 


(Write for FREE copy of these “Standards’’) 


The four features illustrated above serve to show how Miller Air Cy- 
linders for years have been meeting—even exceeding—the high qual- 
ity set by the recently adopted J. I. C. Pneumatic Standards for In- 
dustrial Equipment. See for yourself! ... write for our free bulletin 
A-105 and receive also your own free personal unabridged copy of 
these “Standards” with standard symbols, sample circuit, interesting 
point-by-point comparison—all neatly compiled into a handy booklet 
that fits your reference file and folds to fit your pocket. 


COMPLETE MILLER CYLINDER LINE INCLUDES: AIR CYLINDERS, 11/2" to 20" BORES, 200 PSI OPERATION; LOW 
PRESSURE HYDRAULIC CYLINDERS, 144" TO 6" BORES FOR 500 PSI OPERATION, 8" TO 14" BORES FOI 
250 PSI; HIGH PRESSURE HYDRAULIC CYLINDERS, 1%" TO 12" BORES, 2000-3000 PSI OPERATION, AL 
MOUNTING STYLES AVAILABLE, 


MILLER MOTOR COMPAN 


EE 4025 N. KEDZIE AVE. - - - CHICAGO 18, ILLINOIS 


DUNTERBALANCE CYLINDERS BOOSTERS - BIR HONS 


CLEVELAND — PITTSBURGH — PHILADELPHIA — DETROIT — YOUNGSTOWN — BOSTON 
HARTFORD——NEW YORK CITY —DAYTON—ST. PAUL— FORT WAYNE—INDIANAPOLIS 
MILWAUKEE — NASHVILLE — SEATTLE — LOS ANGELES ——SAN FRANCISCO — BALTIMORE 


les and Service from coast to coast 
ST. LOUIS and OTHER AREAS. 





*Sole Monufocturers Trade Mark reg 


MADE OF FIBERGLASS 
and synthetic rubber 
- SUPERIOR to metal! 


New lightweight material absorbs 
vibration, cuts costs, is adaptable 
to an amazing variety of uses. 


Top designers and engineers are specifying AIRTRON 
in place of conventional ducting materials. More than 
130 standard types and constructions to choose from . . . 
or tailor made to your own design. 


Extremely Versatile — Five basic types and a variety 
of material combinations (in addition to fiberglass and 
rubber), provide various degrees of flexibility, and a 
wide range of operating pressures and working 
temperatures. 


Extreme Temperature Range — Special silicone 
rubber-impregnated fiberglass construction withstands 
temperatures from -100° to +600° F. Both the synthetic 
and silicone rubber impregnated types are resistant to 
corrosion, to many deteriorating fluids, and are fire 
resistant according to rigid aircraft standards. 


WRITE FOR CATALOG 
Complete engineering and descrip- 
tive data on AIRTRON is given 
in a new catalog now available. 
Get the full story on this useful 
material today. 


ARROWHEAD RUBBER COMPANY 


DOWNEY. CALIFORNIA 


“oO RINGS « SILICONES @ PRECISION MECHANICALS «©  -#dRFROH- DUCTS 


tons on the cover plate and the driveshaft, the plane. 
tary mechanism can float freely without use of radig/ 
bearings. 


Reversise TRANSMISSION, primarily for serv. 
omotors in remote control systems, uses balls or roll. 
ers as motion transferring elements to obtain shor 
reversal time. A constantly rotating input shaft 
drives two disks in opposite directions through mating 
gears. Holes in the disks carry balls between races on 
the transmission housing and on a hub keyed to the 
output shaft. Energizing one of two magnetic core 





Yj hh 





SSS 
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causes the output shaft to be moved axially a short 
distance, increasing friction between the hub and 
balls in one of the disks and decreasing the friction 
between the hub and balls in the other disk. The 
output shaft then rotates with the disk toward which 
the hub was moved. Since axial movement of the out- 
put shaft is generally less than 0.01-inch for full 
forward to reverse shifting (depending on axial play 
in the shaft bearings used), the reversing time can be 
made extremely short. The patent, No. 2,524,905, has 
been granted to Carl-Erik Granqvist and assigned to 
Svenska Aktiebolaget Gasaccumulator, Lidingo, Swe- 
den. 


Universau AND SLIP-JOINT ACTION for fluid 
carrying lines subjected to pressure is covered in 
patent 2,511,495, assigned to Lockheed Aircraft CorP. 
by Andre Crot. A major disadvantage of conventional 
joints of this type—high friction between parts caused 
by unbalanced fluid pressure—is eliminated by bal- 
ancing pressures to permit substantially unrestrained 
relative movement of the parts. A ball member held 
in a spherical seat carries a tubular member or sleevé 
with a closed end, O-rings providing sliding seals be- 
tween the ball and its seat and between the ball and 
the tube. Holes in the side of the tube communicate 
with openings in the ball to permit fluid flow through 
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Macy 


Proved 


Performers 


FRACTIONAL HORSEPOWER 
MOTORS 


Increased value for your product and 
customer good will are plus values 
that follow naturally when you specify 
Packard fractional horsepower motors. 
Packard's outstanding performance rec- 
ord is known and respected everywhere. 
Thirty-five years’ experience, concen- 
trating on the manufacture of frac- 
tional horsepower motors alone, has 
built an exceptional reputation for 
Packard. And today—with newly 
expanded facilities for both engineer- 
ing and manufacturing—Packard con- 
tinues to concentrate on this one 
important field. 


All the skill and know-how that 
Packard has accumulated, all the 
facilities at our command, and all the 
prestige Packard Electric Motors can 
lend to your product are yours when 
you specify Packard. Packard frac- 
tional horsepower motors are proved 
performers, approved in advance by 
your customers. 


GM 


Pockard Electric Division, General Motors Corporation 
Warren, Ohio 


DEPENDABLE APPLIANCE MOTORS FOR THIRTY-FIVE 
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be accomplished with the solenoid-operated valve coy. 
ered in patent 2,543,455. The valve, patented by 
George A. Goepfrich and assigned to The Skinner 
Chuck Co., uses a sliding spring-loaded magneti 
spindle valve or plunger with different sized ports anj 
a solenoid to give two flow rates. Energizing th 
solenoid slides the spindle to restrict the oil pass. 














the coupling. A chamber, vented to atmosphere, sur- 
rounds the closed end of the tube so that fluid pres- 
sure on the inside of the closed end of the tube bal- 
ances the pressure acting on the opposing area of the 
line or fitting with which the tube is connected. The 
tube member is, therefore, hydraulically balanced 
and can slide freely within the ball, which is also 
free to move relative to its seat. This joint is par- 
ticularly suited for use where high pressures and 
vibration are to be encountered. 


Repucrion OF FLUID FLOW in a hydraulically 
operated device as it approaches its end position can 











ages in the spindle sleeve for slow operation. When 
used in aircraft landing gear systems, the valve re- 
duces the retraction rate just prior to the seating 
position and prevents undesirable shock on the land- 
ing gear system. 


That in addition to natural rubber, there 
are six basic synthetic elastomers from 
which Parco “0” rings are manufac- 
tured? When properly compounded and 
processed, the most desirable inherent prop 
erties of each can be brought out, making 
them suitable for most applications requir 
ing a simple, economical, and efficient sea! 
ing mechanism. Because of their years o! 
experience, Parco engineers are best quali- 
fied to recommend and tailor Parco balanced 
compounds for your needs. Consult them! 


All dash numbers of 6227, 6230 and 
6290 series for commercial 
applications or Army-Navy installations 
to Specifications MIL-P-5516 (6227 
and 6230) and MIL-P-5510 (6290) are 
available from stock. 
“0” ring packings to your specificatio 
are available on order. 





Plastic and Rubber 
Products Company 


2100 Hyde Park Boulevard, Los Angeles 47, California 
820 No. State St., Chicago 10, IIlinois 
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Plain nuts with lock washers loosened after 
only ONE HOUR of 4000-cycle-per-minute 
operation on the vibrator of a concrete block 
machine at the plant of the Bethayres Con- 
crete Block Co., Bethayres, Pa. 


When FLEXLOC Self-Locking Nuts were in- 
stalled, they were still tight when the machine 
was torn down for rebuilding after 6 weeks 
operation—at 4000 C.P.M., 17 hours a day, 
7 days a week! 


So if you have an application where plain 
nuts might or actually do loosen and back off, 
try FLEXLOC, the one-piece, all-metal 
STOP-and LOCK-NUT ‘‘that won't work 


loose.”’ 





; om Send for Bulletin 619-A today. 


FLEXLOC Self-Locking Nut, FLEXLOC Self-Locking FLEXLOC Self-Locking Nut, 
“regular” type. Nut, ‘‘thin’’ type. external wrenching type. 








STANDARD PRESSED STEEL CO. 
—eeses 
JENKINTOWN 18. PENNSYLVANIA 
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HOOVER HONED RACEWAY ™ 


Honed Racewoys, 
exclusive Hoover 
Construction. 


Micro-lapped Chrome 
Steel Balls Accuracy 
within .000025” 


Pas 


Balanced Retainers. 


Husky Deep 
Groove. High 
Carbon Chrome 
Steel. Perfectly 
Bolanced 
Roceways. 














Design Abstracts 


(Continued from Page 180) 


stress for pinion and 
gear tooth respectively, 
psi 
r,R = Operating pitch radius 
of pinion and gear re- 
spectively, inches 
r,,R, — Outside radius of pinion 
and external gear re- 
spectively, inches 
R, = Inside radius of inter- 
nal gear, inches 
T, = Pinion torque, pound- 
inches 
= Length of line of ac- 
tion, inches 
Radius of curvature at 
tip of pinion and gear 
tooth, inches 
= Normal pressure angle, 
degrees 
o, = Transverse pressure an- 
gle, degrees (tan 4, 
tan ¢, sec y) 
y = Helix angle, degrees 
Calculation of the PVT factor for 
external gears involves the following 
formulas: 
Radius of curvature in the trans- 
verse plane, at the tip of the pinion 
tooth, 


Pp? Pa = 


pp = V 1r,2 — 1? cos? ¢, 
and at the tip of the gear tooth, 

po = V R,2 — R? cos? ¢, 
Length of action, 

Z = pp + pg — C sin ¢, 


Maximum compressive stress, at the 
tip of the pinion tooth, 


—OrTpC sing, 


Pp = 2290 Yea — 
F ZNppp (C sin ¢,; — pp! 


and at the tip of the gear tooth, 


~ 2arT PC sin « 
= 9 = 22909 _—_ ere —— 
F ZNppg (C sin ¢; — pe’ 


Scoring factor, at the tip of the pil 
ion tooth, 


TH 
(PVT)p = 2. (14+ _} 
360 Me 


(pp — 7 Si! ) *P 


and at the tip of the gear tooth, 


77 N. 
(PVT) « - a= ( 2+ _) 
360 Neg / 


(pq — Rsin br) *P i 
The following formulas apply in th 
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SUB-CONTRACT THE 
METAL STAMPINGS NEEDED 


ON YOUR DEFENSE ORDERS! 


CONTRACT DIVISION 


6U4 \N METAL STAMPINGS 
1p 3&5 Ge. Aluminum FOR OVER 70 YEARS 


Seamless 5” 
die cast frame ,, Height of Case— . 
Bremen —154"" Width 974 Over a period of many years, Geuder, Paeschke & Frey Co., has 


HOUSING FOR INDUSTRIAL 
VACUUM CLEANER The items range from simple to highly intricate designs and demon- 


strate our technical efficiency and modern facilities. Illustrated here 








produced many stampings for both civilian and military products. 


Seamless drawn are a few of the many sub-contract jobs we have made for the 


Sass welded to elec- 
rically weld d 
body. Seamless government orders of our customers. 
drawn perforated 
po es hot dip 
va P 2 
20 US. Ga. Steel AUGMENT YOUR PRODUCTION FACILITIES with G. P. & F. service. 
Height — 20”. — me . 
Diameter > If you have a metal fabrication problem that’s outside your field or 
— se 
184". beyond your plant facilities, submit blueprints or ideas to us. We 


can do your work from fabricating and finishing to final assembly. 








STUIANCMERMLECIDIE copy of booklet 
AUN CMMEMMMEDDINICH Skill dn Sheet 
TAT IPANCRM TAME trates many jobs 


produced for 


VITREOUS ENAMELING G. P. & F. cus- 
tomers ... gives 


Seamless SUS. SPRAY FINISHING complete data 


Copper — 
on our facilities. / 


Go scight—2%" 
Width—6 4” LEAD COATING 


MOTOR HOUSING MITTER CASE y 


Seamless Drawn § D 
teel Seamless Drawn 
—16 U.S. Ga. : Steel—16 U.S. Ga. 
Height—7 14” Height—834"" 
Diameter—6 14" Diameter—11 


























14 B & SGa. 
Aluminum brazed 
~ : Sa ont ring — 
Length—10%"" Width—9:2"" Hehe 
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HYDRAULICS} 


KINGSTON, NEW YURK 





calculation of the PVT factor for in 
ternal gears: 

Radius of curvature in the trans. 
verse plane, at the tip of the pinion 
tooth, 





pp’ = V 1.2 — 1? cos? g 


and at the tip of the gear tooth, 





= y R;2 — R?2 cos? ¢, 
Length of action, 
Z’ = pp’ — pa’ + Csin ¢; 


Maximum compressive stress, at the 
tip of the pinion tooth, 


~ QarTp C sin ¢,, 
Pp’ = 2290 
F Z'N ppp’ (pp’ + Csing,) 





at the tip of the gear tooth, 


27Tp C sin ¢,, 
= 2290 
F Z'N ppg’ (pe’ — Csin¢,) 





Scoring factor, at the tip of the pinion 
tooth, 


T Np Np 
(PVT) p' = (1 2 ) 
360 No 


(pp’ — r sin ¢;)*P, 


and at the tip of the gear tooth, 


T Np Np 
(PVT) ,’ = — i- ) 
360 Ng 


(R sin ¢; — po')*Pe 


From a paper entitled “Shot Peen- 
ing as a Factor in the Design of 
Gears,” presented at the ASME 
Spring Meeting in Atlanta, April 2-5, 
1951. Complete copies may be ob- 
tained from ASME, 29 W. 39th St. 
New York 18; $0.25 each to members, 
$6.50 to nonmembers. 


Improved Machine Design 


By H. G. Conway 
British Messier Ltd. 
Gloucester, England 
T CAN be said that machine design 
may be improved along thre« lines: 
those of function, cost, and «ppear- 
ance. 


FUNCTION: Function relates t) what 
the machine is and what it dovs, the 
performance that it gives, and i's ha?- 
dling characteristics. From th. point 
of view of selling the machin, it # 
its specification which is of prime im 
portance. In comparing one n.achine 
with another, it is the specii: ication 
which determines those factors which 
appeal most to the buyer and will it 
fluence his choice. 

The second and, from some points 
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Mutily Fawn 


without increasing 
horsepower 


On most presses and in many 

other applications, pressure 

requirements change during 

the operating cycle. The Ra- r 

cine “Variable Volume” low bm ee 
pressure pump with a Racine 
Pressure Booster can be used am 
to develop and hold up to 


5000 psi. The horsepower in- (tl coe creme Hi 


id 
put does not exceed the power 
needed to operate the pump 


at its low pressure setting. 


This means lower first cost, 





less horsepower consumption, 
OPERATING ECONOMIES —The colored area in the 
graph below shows the horsepower lost during one hold- 
more compact over-all design. ing cycle of a simple press circuit using a constant volume 
Pressure and vohame delivered pump. The black area shows the horsepower consumed 

when a Racine “Variable Volume’ Pump and Pressure 


Booster is used to do the same work. 


reduced cylinder sizes — a 


can be controlled by one of 





the built-in governors that 
are standard for all RACINE 


pumps. 


INPUT HORSEPOWER 


Write for new 3-color Catalog P-10-D 
covering RACINE’S complete line of 
"Variable Volume” Pumps, Valves and 
Pressure Boosters. 











OTHER Four-Way Variable Pump & Reservoir 
Valves ; Volume Uni 
RACINE — 
HYDRAULIC 


PRODUCTS 


RACINE root AND MACHINE COMPANY 


1773 State Street, RACINE, WISCONSIN, U. S. A. 
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SPELT 
AMDY 


hot rolled 
ALLOY 
STEEL 
PLATE 





This STEEL 
is a “STEAL” 


T sounds incredible that an alloy steel of Rodkwell C 35 could be 
machined with a surface speed of 250 f.p.m. or more. Eagle Tool 
& Machine Co., Newark, N. J. readily cut SPEED ALLOY at that 
high rate of speed on their Cincinnati Hydrotel |duplicating machine. 
Eagle feels that the easier machining qualities of this steel enable them 
to cut cavities for plastic molds at such low costs that results obtained 
are unequaled by other materials or methods. 
On the cavity force, shown above, for molding a large home free- 
zer breaker frame, SPEED ALLOY plates 5” x|32” x 62”, were fur- 
nished heat treated to Rockwell C 35. Cavity|was machined to 1” 
depth. Roughing cut was made with 5” milling jcutter, cutting in full 
diameter to depth of %4” with feed of 7” per minute; a maximum of 
8%” of steel removed per minute. By using pre+hardened steel there 
was no distortion dug to subsequent heat 

treatment. Machined finish was like a mir- 

ror. Considering the initial low cost, ma- 

chining costs and longer tool life, SPEED 

ALLOY is a “Steal”! 


Speed Alloy Cams Carburized and Hardened 
With Practically No Distortion 


This paper box machin¢ cam is 7%” thick, has 
track 14” deep and 1%” |wide, leaving web only 
a” thick. This is ample because of SPEED AL- 
LOY’S high tensile strength and wear resistance. 
Despite thin web section) cams were carburized 
and hardened with distortion held to .002” to 

1 & Die Company, Kal- 





amazoo, Mich. 





of view, the more important direc. 
tion in which machine functien cap 
be developed is by improvements t 
performance, reliability or life 4). 
though these factors may sometimes 
in certain machines be considered a; 
integral features of the specification, 
Each of these modifications is an at. 
tempt to give the customer a better 
machine. However, reliability and 
durability are factors which can rarely 
be proved by salesmen and, inevit- 
ably, experience is the only means of 
determining these aspects of perforn- 
ance. Markets are created by new 
features in the machine’s specifica. 
tion but lost by failures of perforn- 
ance. 


Study Performance Data 


These two improvement factors of 
specification and performance usual- 
ly originate, obviously enough, from 
sales or policy departments and often 
are more or less dictated to the de 
signer. A very broad field, however, 
is before the engineer to make im- 
provements based upon the practical 
performance of the machine in service 
and from data collected by laboratory 
research. 

By far the most valuable source is 
field experience. Almost all organiza- 
tions maintain service departments, 
field engineers of departments han- 
dling customers’ complaints. These 
together provide a continua] wealth 
of constructive criticism and informa- 
tion on performance which is usually 
substantiated by adequate statistics, 
particularly when the consumption of 
spare parts is analyzed and taken in- 
to account. 


Analyze Criticisms from Field 


Obviously defects in a machine are 
always reported in such a manner 
that they cannot be ignored. How- 
ever, the more subtle defects ar 
either inadequately reported or, 4% 
often, inadequately dealt with when 
reported. While it is true that n0 
designer could possibly take action 
on all the defect reports that he re 
ceived, it is equally true that many 
do not take sufficient trouble to 4 
alyze the reports and take appropriate 
action if action is possible. In this 
connection, a valuable addition to the 
staff of any chief engineer—if the 
service department is not responsible 
to him—is an investigation engineer 
or engineers capable of going ol! 
into the field and digging into per 
formance defects themselves, specific 
ally with a view to improving th 
product. A balance must be draw? 
between actual numbers of defects 
and the percentage of total produc 
tion at fault, and the decision to i 
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INP ol 


IS OUR BUSINESS 


VERYONE who drives ... and that means 
sss from the average motorist to 
drivers of the biggest buses and trailer trucks 
... wants safe, sure stops and quick, smooth 
starts. What they want takes the finest brake 
lining, brake blocks, clutch facings, and en- 
sineered automatic transmission parts. 

That’s why vehicle manufacturers, as well 
asmakers of many other kinds of equipment, 
tly on Raybestos-Manhattan, the world’s 
lading supplier of friction materials. They 
know from experience that R/M Stop AND 
Go products meet every requirement. . . can 
always be counted on for greater safety and 
longer, more economical wear. 

R/M friction materials are serving today 
in applications that vary from heavy-duty 
tucks to tiny precision parts for adding ma- 
chines. This diversity provides a breadth of 
experience that can be most helpful to you. 

Remember that when you call in your R/M 
representative, you enlist the full support of 
four great plants, four research departments, 
ind four testing laboratories! 








RAYBESTOS-MANHATTAN, INC. 


EQUIPMENT SALES DIVISION 620 Fisher Bidg., Detroit 2, Mich. 
445 Lake Shore Drive, Chicago 11, Ill. ¢ 4651 Pacific Blvd., Los Angeles 11, Calif. ¢ 1071 Union C ce Bidg., Cleveland 14, Ohio 
Factories: Bridgeport, Conn. Manheim, Pa. Passaic, N.J. No. Charleston, S.C. 





Fan Belts « Radiator Hose « Mechanical Rubber Products « Rubber Covered Equipment « Packings 


Bi ei). 


RY RAYBESTOS-MANHATTAN, INC., Manufacturers of Brake Linings « Brake Blocks « Clutch Facings 


Asbestos Textiles « Powdered Metal Products « Abrasive and Diamond Wheels + Bowling Balls 
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speciAL ROPER PUMP powers 


HYDRAULIC BOOSTER FOR STEERING 


This Allis-Chalmers HD-15 crawler 
tractor, which develops 102 h.p. at 

the drawbar, is one of four in the 

line that now sets a new standard 

in tractor classification. Among 

the components that keep this 

27,500 pound bruiser going is 

a special Roper Pump — the 

power hydraulic booster con- 

trol for steering. Engineered 

to withstand the most gruelling 
operating conditions, this pump 

has more than proved its worth 

in years of service in the HD-19. 
Now Allis-Chalmers is providing the 
same steering performance in the new 
HD-15. Yes, Allis-Chalmers knows full well 
Roper dependability. 


INVESTIGATE THE ROPER LINE OF STANDARD PUMPS 


Roper “Standard” Pumps — Series 3600, F, K, and H —also figure prom- 
inently as original equipment in diversified installations. These Ropers 
provide a wide selection: sizes 1 to 300 g.p.m.; pressures to 1000 p.s.i., and 
come standard or special fitted depending on the liquid to be pumped. Send 
for the Roper catalog and get complete details. 


$ts,ouR 
CATALOG 18 
SWEET'S 

—_a/! 


GEO. D. ROPER CORP. 
246 Blackhawk Park Ave. 
ROCKFORD, ILLINOIS 


troduce an improvement is not one 
which can be lightly made, partic 
ularly when interchangeability is af. 
fected. 

There is another broad field of 
work, classifiable under the heading 
“product research,” in endurance o 
bench testing, laboratory investiga 
tion and particularly the make-ané 
break technique. The general philoso. 
phy of this work is deliberately to rup 
the machine to destruction, repair the 
failure by a suitable redesign and con 
tinue the process until further failur 
occurs. It is generally found that, 
if this process is carried out for many 
hours, thousands of cycles, etc., the 
final result is a product which js 
rarely more expensive, heavier, or 
worse looking and has a life of sev- 
eral times the original component. 
Experience indicates that the final 
product is, in fact, often appreciably 
simpler and cheaper. The durability 
of almost all comparatively compli- 
cated mechanisms can be improved 
in this way. This technique applied 
to static structures in the aircraft in- 
dustry has enabled airframe elements 
to have their effective strength in- 
creased, often by as much as 10 
per cent, by repeated static testing 
until failure occurs, with successive 
redesign of local areas of failure. The 
net result is a structure which makes 
full use of local strength form factors 
and which has the optimum strength- 
weight ratio. 


Learn by Overload Testing 


While this make-and-break tech- 
nique is to some extent what is al- 
most always carried out during the 
development of the prototype or ex 
perimental component in every firm, 
it is the deliberate overloading tech- 
nique which is less usual and can be 
so valuable in the subsequent im- 
provement of the machine. If sand 
causes wear, running with excessive 
sand is the quickest way to find out 
how to improve sand resistance. If 
high speed causes bearing failures, 
running at high speed will be the 
quickest way to develop improved 
bearings. 


MANUFACTURING Cost: Manufactur- 
ing cost is usually studied in relation 
to the production process and ‘he de 
sign, apart that is, from reduc 
in cost by overhead econom! 
by improved business efficien 
latter are, in themselves, abl 
fect appreciable savings but th 
not, at least directly, the prov 
the mechanical engineer. 

The production engineer’s jo) is 
reduce cost by reprocessing, by ™ 
stalling new plant and equipment ™ 
enable economies to be made, and by 
introducing quantity production tech 
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Mating Threads Locked by Gripping 
Wedged Together Action of Nylon 
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Easy Does It With 
Townsend Nylok Locknuts 


It’s easy to install the new Townsend Nylok 
Self-Locking Nut* as it has no top or bottom— 
it assembles readily even in blind applications. 
In addition, you get positive locking action with 
low installation torque. This saves time and re- 
duces scrap losses due to seizing and galling by 
as much as 80% over other types of locknuts. 
Lock washers and jam nuts are eliminated. 

The Townsend Nylok Type “E” Nut is cold 
forged to provide added strength in the body 
and threads and to save critical material com- 
pared to nuts machined from bar stock. 

The small nylon plug insert located in the 
center of one of the hex faces provides the lock- 
ing action. This plug extends beyond the crest of 
the threads in the nut and when the nut and bolt 
are assembled the bolt compresses but does not 
cut this nylon plug. The nylon plug then reacts as 
a wedge creating strong metal to metal action be- 
tween the male and female threads. 


*Licensed under The Nylok Corporation patents. 


Nylok nuts lock in any position. Seating is un- 
necessary. Due to nylon’s ability to retain its 
original shape, these nuts can be used again and 
again. This feature makes it especially desirable 
in setting adjustment screws. Nylok nuts have 
high tensile strength, excellent heat resistance 
and are unaffected by most chemicals. 

The Townsend Nylok Locknut is available in 
American Standard Light (E-6) and Light- 
Thick (E-7) series—in sizes 4%” through %”. 
It is a suitable companion to Townsend’s Tufflok 
Nut which is a one-piece cold forged nut, with a 
hexagonal fibre washer as the locking medium. 
Both locknuts have been highly successful in off- 
setting vibration and shock. They have back of 
them Townsend’s 135 years of experience in wire 
drawing and cold heading. 

For information on how to save time, eliminate 
waste and produce better equipment with Town- 
send Locknuts, write for our locknut bulletin. 


Townsend 


COMPANY ° ESTABLISHED 1816 


Plants—New Brighton, Pa. - Chicago 38, Hl. 


Cherry Rivet Company Division, Los Angeles, California 


Sales Offices in Principal Cities 
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FROM FULL SPEED 
TO STANDSTILL IN 1/5 SECOND 


... With Star-Kimble Brakemotors on American Can Closers 


E’S scarcely a chance that a can will jam on a closing machine 
ilt by American Can Company—but American takes every precaution to 
avoid jamming damage. 


In the machine shown, which seals 300 cans a minute at the Newark 
lant of the G. Krueger Brewing Company, power is automatically cut off 
if jamming occurs. Then a Star-Kimble Brakemotor brings the machine 
to a stop within a single can cycle—that means within one-fifth of a second! 


Whether split-second stops like this are needed only in an occasional 
emergency ... or whether the service calls for repeated start-stop cycles 
at short intervals . . . you can count on the extra-large disc area of a Star- 
Kimble Brakemotor to provide extra-fast braking and positive holding. 
Starts are fast and smooth, too—free from friction drag. Small magnetic 
air gap assures speedy brake release. 


In thousands of applications, under the toughest conditions, Star- 
Kimble Brakemotors have proved their ability to run for years with little 
or no attention. Remember... with its motor and brake dxi/t together to 
work together, each Brakemotor is an integral, space-saving unit designed 
for its specific job by the pioneer makers of disc brakemotors, and backed 
by more than 25 years of application experience. 


For full information on construction and 
ratings, write for free Bulletin B-501-A, 


-KIMBLE 


MOTOR DIVISION OF 
MIEHLE PRINTING PRESS AND MFG. CO. 


201 Bloomfield Avenue Bloomfield, New Jersey 








niques. All these are well know, 
and continually practiced. 

Perhaps not quite so widely prac. 
ticed is an adequate degree of co-op. 
eration with suppliers of material or 
bought-out parts. Some firms have 
purchase departments who are either 
able to contribute to the technique of 
design or have arranged an appro- 
priate degree of collaboration with 
the design department to achieve this 
object. 



























Design for Production 


The possibility of reduction in cost 
by redesign is a most fascinating as. 
pect of modern engineering and can- 
not possibly be treated adequately in 
a few words. The most obvious 
method is in “designing for produc. 
tion,” this implying the detail study 
of each component so that unneces- 
sary operations are eliminated and 
the remaining operations can be car- 
ried out in the simplest and most ex- 
peditious fashion. An important part 
of this particular job is the scientific 
application of tolerances — about 
which many oft repeated but usual- 
ly justified platitudes have been ex- 
pressed. 

However, possibilities not general- 
ly appreciated exist in the concen- 
trated application of ingenuity and 
inventive steps by special design éef- 
fort, possibly by specially trained 
teams. In the author’s experience of 
the design of new components, dis- 
cussion and argument among the 
senior engineers usually result in the 
invention proper in the form of 4 
sketch of the idea to solve the prob- 
lem. An average of four redesigns 
are necessary (at any rate on the 
type of precision mechanical device 
within the author’s experience) be 
fore the design is ready for detail- 


ing. 

































Be Alert to New Materials 






ws, 






The development of new materials. 
particularly synthetic substitutes 
with attractive properties, enables 
continua] improvements in design t 
take place. This is usually outside 
the sphere of the mechanical designe! 
but it is for him to find means of e* 
ploiting them. Similarly, the & 
ploitation of new fabrication and » 
sembly techniques is an essenti 
part of reduction in cost by 
sign. 

STYLING OR INDUSTRIAL DESIGN: The 
final direction in which machine de- 
sign may be improved is in ™ 
“styling” or specialized design for 4 
pearance. The artist has a job ™ 
do after the mechanic has finishee 
but inevitably in co-operation 
whether the artist and mechanic 4 
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Silverstreak Silent Chain does 
the job with a single strand— 
eliminating the dangers that 
come with one or more belts in 
a group carrying more than 
their share of the load. 


Husky Silverstreak metal link : “Pull” 
construction combines the abil- 
ity to carry heavy overloads 
with the resilience that really 
absorbs shock. 


is distributed 
equally across Silver 
streak Silent Chain. No 
possibility of uneven 
running—slapping. 


Sh he 


mete tee 


~~ 


Silverstreak Silent Chain 
doesn't rely on tension 
to get pulling power— 
chain meshes. with teeth 
—gives POSITIVE drive 
—no chance for slip. 
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LINK-BELT Silverstreak Silent Chain Drives 


AKE the prover: road to increased pro- 
duction — through the best in high-speed 


@ 
power transmission. You'll find Link-Belt Silver- 
— streak Silent Chain Drives are 98.2% efficient. 
With normal maintenance, you have a positive 


drive that runs for years and years. 


And note this important point — on extremely 


short centers Silverstreaks lose none of their 

efficiency. What's more, reduction ratios as high 

3 com as 10-to-1 are frequently used. Both of these 
LD Silverstreak features save you valuable space. 


One test will prove to you why thousands of 
production-minded engineers have standardized 


( | hoek prool on Link-Belt Silverstreak Silent Chain Drives. 
) ” oa 


LINK-BELT COMPANY: Chicago 9, Indianapolis 6, 

Philadelphia 40, Atlanta, Houston 1, Minneapolis 5, 

San Francisco 24, Los Angeles 33, Seattle 4, Toronto 8, 

Springs (South Africa). Offices, Factory Branch Stores 
and Distributors in principal cities. 
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How to get PACKINGS — 
Synthetic Rubber or Leather — 
from one dependable source 


In leather it’s tannage, impregnant, mechanical accuracy ... 

In synthetic rubber it’s compound, mould design, and more 
accuracy... 

In both it’s engineering, with laboratory and production know- 
how that give you specification-plus on your requirements. 

At G&K-INTERNATIONAL modern facilities for the design 
and manufacture of synthetic and leather packings give you one 
dependable supply source for the best in V’s, U’s, Cups, Flanges, 
Oil Seals — also O-Rings and special applications. Let’s go over 
the plans together. é 





L, 
AFFILIATED with _ B 4 | Ss T oO vote 
GRATON & KNIGHT COM ; SGM? GRATON * 
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the same man or whether the artis 
is an industrial designer. Artistic de. 
sign in itself is necessary to stimv. 
late sales and, at least from many 
people’s point of view, for basic 
esthetic reasons. Whether the engi. 
neer agrees that he has this estheti 
responsibility may be a matter of 
opinion, but few will disagree that 
the general appearance and “‘tidiness” 
of a machine are important factors, 
particularly where they are manual- 
ly operated and where the psycho. 
logical appeal of the machine is im. 
portant. The color and finish of the 
machine are matters of consequence 
the decorative relief, however, is a 
matter which often occupies the at. 
tention of the industrial designer but 
which the mechanical engineer is 
likely to regard with suspicion. 

Engineering designers are only 
human and subject to the same like 
lihood of making mistakes as any- 
one else. It does seem strange, how- 
ever, that large organizations with 
first-class staff and facilities should 
make such obvious mistakes as they 
sometimes do. Fine appearance in- 
volves two important factors: _ the 
training of designers (or engineers) 
to achieve an adequate level of es- 
thetic ability; and the taste or crit- 
ical ability of the purchaser or user 
of the machine. 


The Esthetic Problem 


The problem of teaching an engi- 
neer to produce designs of fine ap- 
pearance is as complicated as teach- 
ing art students how to paint fine 
pictures. From a batch of one hun- 
dred art students, work of a high 
artistic standard may be expected 
from, say, fifteen, but a minor mas- 
terpiece in oils from not more than 
one. On the other hand, after a few 
years of training at least fifty to 
sixty of the pupils could be expected 
to produce a reasonably pleasing 
poster or advertising layout. 

To expect the engineer to do any 
better in his own field is unreason- 
able; but he can be expected, after 
suitable training, to produce “reason- 
ably pleasing’ machine designs or 4 
least to avoid particular ugliness. 

Just as the musician will distir- 
guish between tempo and rhythm, 5° 
the artist can distinguish betwee? 
composition and design. The follow- 
ing quotation, although not ™ ferring 
specifically to design in the sevse thal 
the industrial designer uses it, is very 
appropriate when read as if it did % 
refer: 

“Composition is a term which. -: 
denotes something to be distil 
guished from the quality of desig” 
(We) see it as a negative virtue, ® 
code of good manners which can 
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PRECISION COMES IN ANY SIZE FARREL GEAR 


from % inch to 20 feet in diameter 
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For The RUGGED Uohs... 
WALDRON * 


This 
jarge ste 


Shaft measure 


WALDRON Coupling 
mill 
et 5 17' long 9 


nished for © 
Shaft type: 
in diameter 


fur 


the Floating 


is of nd Ys 


they are built for dependable service 


Large or small—every WALD- 
RON Coupling is designed and 
built with typical operating 
troubles in mind. Forty years of 
experience has taught WALD- 
RON engineers the pitfalls to be 
avoided in producing a depend- 
able coupling. The WALDRON 
design eliminates the usual sources 


oe a 
Eliminating 
syut-? 

Coupling 


Failure 


..e AND THEY GIVE IT! 


of trouble; the WALDRON con- 
struction is simple and strong— 
forged steel parts, no welded 
sections, better lubrication. 

The steadily growing - prefer- 
ence for these sturdy WALDRON 
couplings in all major industries 
is a tribute to the quality and 
workmanship that goes into them. 


Write for this Helpful Folder 


explaining coupling features which give added 
Owns insurance against coupling failure. No obligation. 


JOHN WALDRON 


ele} i 20) 7 -Vilel, | 


New Brunswick, New Jersey 


Authorized Sales Representatives in Principal Cities 


COUPLINGS 


learned and which will prevent th 
worst mistakes, but which, in itsel 
is not anything creative. Satisfa. 
tory composition—that is, the gen. 
eral rough-and-ready framework 4 
placing—can be achieved very ofte 
by, say, altering (proportions, 
radii, countersinking screws, etc): 
but this is only the first stage, th 
(machine) must then be compacted 
with meaningful relationships by 
those all-over reciprocal adjustments 
of interval between form and form 

which constitute Design. The 
intuitive apprehension involved in 
this process is something that cannot 
be taught; it can only grow out of 
the sensibility of the _ individual 
(Hardy 1950). 

Or again, 

“The function of ornament of the 
static type is that of punctuation and 
emphasis: the eye must be arrested 
here, continued there, to complete 
the composition. This same function 
is performed in a subtler and les 
ostentatious way, but no less an es 
sential one, by groups of moldings 
whose interplay of widths and depths 
modifies the harshness of sudden 
openings and endings and prevents 
bald right angles from interrupting 
the organic unity of the (machine) 
In many cases so strong is the need 
for this kind of modification, if the 
harmony of the whole is to be main- 
tained, that a system of cursive orna- 
ment has to be introduced” (Byron, 
1932). 


Learn What Not to Do 


The problem can thus no doubt be 
simplified into this: Composition in 
the sense of what not to do, what 
mistakes not to make, can and should 
be taught to engineering designers; 
good industrial design, however, is 
an intuitive quality possessed by but 
few engineers. 

The engineer will ask what the 
rules of composition are, particularly 
of architectural design, which seems 
most appropriate to the three-di- 
mensional machine. Usually an initial 
division is made between static com- 
position, involving a center of focal 
point to which the pattern, line, and 
shape of the design should lead, and 
dynamic or mobile composition where 
pattern, line, and shape repeat and 
lead the eye along or about the com 
position. There are a few rules 
which can be found in textbooks 
mainly relating to certain propor 
tions for solid bodies, but on the 
whole it is easier to say what not to 
do; if all the rules were to be found 
in a textbook, art would have give? 
way to science. 

But the engineer will understand 
that, even if he knew all the rules of 
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"nt thei omposition and design, he could not 


iteelt apply them to machine design with- 
ape gut seriously interfering with func- 
© 8@-@ ional and operational requirements. 
ork off only in the case of machines which 
y Often se deliberately covered in with hous- 
“an ings or casings could even an ele- 





mentary attempt at esthetic design 


Fe, the be made. 
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Critical Power Not Inherent 


The critical appreciation of beauty 
isnot innate in the ordinary man, or 
at least it requires considerable mold- 
ing and experience. 

Color involves questions of taste 
and surroundings. Uncultivated taste 
generally prefers bright colors, as 
on machines exported to undeveloped 


of the countries or on agricultural equip- 


mm and @ ent. Dark colors offset by polished 
— metal or matte chromium finishes 
nplete Hare suitable for precision equipment. 


nction 
1 less 
an @S- 
Idings 
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Pale colors, including white, are suit- 
able for equipment used in clean sur- 
rundings and where the machine it- 
self can be kept clean—for example, 
dental or X-ray equipment. 

From a paper entitled “Industrial 
Design and its Relation to Machine 
Design,” presented at a General 
Meeting of The Institution of Me- 















need chanical Engineers in London, Eng- 
if the land, February 2, 1951. 
main- 
orna- 
syron 
Stresses in 
Automotive Parts 
bt be 
pre By Robert Schilling 
General Motors Corp. 
nould Detroit, Mich. 
ners; 
r, is 
y but UTOMOTIVE engineers hardly 
ever know the true stress which 
the H exists in their products in service, 
larly Hi wut they do know that these prod- 
eems Hucts will stand up in reasonable 
e-d Bl wage for the life of the car, and will 
ritial BF ai early under extreme abuse. They 
com come by this knowledge sometimes 
= through road testing alone, but in 
an’ Bf ny cases they can predict the per- 
and 8 formance by combinin b- 
PE en g service o 
a rvation, strain measurements, and 
- ‘Simple analysis. Automotive engi- 
ales me are often accused of paying 
jn ittle attention to stress analysis in 
por- designin g * parts and components, and 
the of proceeding too much by rules of 
Pye thumb and by cut-and-try methods in 
und developing the strength and durability 
ive ‘their products. It is quite true that 


the method of finding proper shapes 
“id dimensions for highly stressed 
perts in automotive engineering 
makes more use of empirical informa- 
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- Sensitive fh ingers 
4 feet long - - 
































FOCUS A MICROSCOPE 


They’re S.S.WHITE remote control type flexible 
shafts. As the illustrations show, they connect, the 
microscope’s three focusing knobs to control knobs 
4 feet away. And they fully satisfy the application’s 
need for close, sensitive manipulation. They would 
do this whether the distance was 4 feet or 40—hbe- 
cause S.S.WHITE remote control flexible shafts are 
engineered and built expressly to provide smooth, 
sensitive remote control. They have the necessary 
characteristics for the job. 


WRITE FOR 
BULLETIN 5008 














It gives engineering data 
about S.S.White flexible 
shafts and tells how to select 
and apply them. Write for 
Close-up shows how flexible shafts are con- + E “: cohen 
nected to microscope of the Microprojector ® ©OPY *O@ay- 
shown above. The enlarged image of the 
microscope’s field is thrown on a trans- 
lucent screen on the right end. From a 
position in front of this screen the oper- 
ator focuses and centers the image. 


Photos courtesy Mine Safety Appliances Co., Pittsburgh, Pa. 





ou HMhhite INDUSTRIAL DIVISION | 





DENTAL MFC.CO. Dept. 4, 10 East 40th St. 
NEW YORK 16, N. Y. | 


































































FOOT RING FOR STOOL: Designers sought strong, abrasion 
T @ resistant, smooth material that would never snag telephone operator's 

nylons, while resting her feet up off cold floor. What material 
would you use? 


FOUNTAIN PEN FEED ROD: Required: material resistant to cor- 
ae rosion, machinable to close tolerances of 0.0005” with smooth finish 

for perfect flow of ink. Polished, attractive surface. All at reasonable 
cost. Your best pen probably uses this material. What is it? 


BODY FOR DIAPHRAGM VALVE: All-purpose valve in small 
3. sizes, pressures up to 125 psi. Handles wide variety of corrosive 

inorganic chemicals and organic solvents. Problem: to find chemi- 
cally resistant material for body, cheaper than stainless metals. What's good 
for this job? 


Answers: No. 1—Ace red hard rubber was wager Sees steel -” to give 

rfect foot ring. An idea here for you? No. 2—This is one of many pen 
ieee machined 7 high speed from Ace hard rubber rods and tubes. Sizes 
as small as 44” O.D. up to 6” O.D. Samples on request. No. 3—Ace Saran 
is ideal for these valve bodies, products of Ace injection molding equipment. 


a) 


= S| 
| 


Yes, sometimes it’s hard rubber, and sometimes it’s 
one of the other plastics that’s best. Ace, with 
many hard rubber and plastics compounds to choose 
from, is fully equipped to supply whatever you need. 


Ask for ACE Handbook 











HARD RUBBER and PLASTICS 


MERICAN HARD RUBBER COMPANY 


NEW YORK 13, N. Y. 





11 MERCER STREET © 





tion and less of analysis than tp 
used in many branches of mechanir 
engineering. However, when we f 
low the steps by which we arrive 4 
the proper design and size of our » 
chine parts, we find that they fon 
a sound line of reasoning. 


Service Stresses Uncontrolled 


In most branches of engineering 
design, stresses are so chosen th 
no failures shall occur in service, 
automotive engineering, the magni 
tude of service loads is not definite 
limited; abusive driving or bad road 
may produce extreme loads which 
cur possibly once in the life of a fe 
cars, so that it would be uwneq 
nomical to provide sufficient strength 
for these rare conditions in all 
built. A standard for design stresses 
hence, can apply only to certai 
road conditions and driving practice 
and will aim at freedom from failur 
below a limited load and for a finits 
life. But this means that failure 
under extreme overload are expected 
and the designer must therefore con 
sider their nature and prevent un 
safe failure as far as possible. 

The design practice begins with 
the observation of failures either in 
Service or in laboratory test of com 
plete machine parts. It leads to m 
empirical expression relating nomin 
stresses, calculated in a specific way, 
to the characteristics of the materia 
The stresses calculated by these equa 
tions are not intended to represent 
true stresses, but are simply a mea 
ure of the severity of service loading 
and durability. Such a relation : 
only applicable to one type of elemen 
manufactured in a certain manne 
and used in a specific type of service 
In spite of these restrictions, this in 
formation permits extrapolation ts 
applications which at first sight seem 
totally different. Many developmen 
in railroad and marine transportatio 
and designs of ordnance vehicles hav4 
been based on passenger car practic 
and proved to be highly satisfactory 


Stress Can Be Related to Material 


The relation between nominal stres 
and physical properties of the ™ 
terial can give a reliable measure ° 
the severity of loading, provided ¥ 
stress equations are properly inte 
preted and their limitations are ©? 
sidered. 

Disregarding failure due to & 
tremely high or low tempera 
chemical attack, fretting, and to we! 
we shall discuss here only struc 
failure due to stress at moderal 
temperature. There are two distine 
different types: failure under 4 Si 
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In anything that moves, by wheel, wing or water, 
rial applications of Van Huffel metal tubing 
‘tres and shapes have become standard practice. 

ms Whether it is a frame for a modern trailer coach 
-- , or an intricate part for a jet job, product engineers 
inter in the transportation field recognize 
= the advantages in specifying Van Huffel 


whenever strength, style and simplicity ... 
plus economy .. . are necessary characteristics of 
their products. Van Huffel means versatility. 


WELDED, LOCK SEAM, OPEN SEAM, BUTTED TUBING, SHAPES AND MOULDINGS 












VAN HUFF 


TUBE CORPORATION * WARREN, OHIO 









Rasshia' with HIGH COSTS ? 


SAVE on “MUSCLE JOBS” 





Toggle—a typical 
pushing operation. 
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Lifting—a straight 
¢ movement. 

Air or hydraulic power— 
applied by T-J Cylinders— 
gets an amazing lot of 
tough jobs done ier indus- 
try ...faster, more efficiently, 
and at lower cost! Check 
your plant operations and 
machines mow— make a 
note of mechanical move- 
ments that can be simplified 
and — up with T-J 
Cylinders! Designed for a 
wide range of pushing, pull- 
ing, lifting, clamping or control 
jobs... 100 Ib. or 50,000 Ib. 
Many standard sizes and styles... 
both cushioned and non-cush- 
ioned types... precision-built, 
dependable. Write for additional 
information. The Tomkins- 
Johnson Co., Jackson, Mich. 


35 YEARS EXPERIENCE (FJ) 
TOMKINS-JOHNSON 


load cycle, usually called static 
failure; and failure under repeated 
load cycles, called fatigue failure. 

There is no complete information 
on al] loads which automotive parts 
must withstand. Some are know 
from strain measurement carried out 
on the road, others from deflection 
counts, and many can be. inferred 
from the laboratory test durability 
which is required for failure-free 
Service. In general, the last is the 
most reliable way of expressing the 
requirements. 


Static Load Variation Important 


Static load appears as cyclic load on 
rotating parts such as tires, wheels, 
bearings, and axle shafts, and hence 
determines a part of their require- 
ments. Of greater importance, how- 
ever, is the variation of static load 
produced by the ride motion of the 
car. 

Some counts of suspension deflec- 
tions made on the road show that 
in 100,000 miles of average highway 
driving, deflections exceeding 14 
inches can be expected about 250,000 
times, deflections exceeding 3.0 inches 
can be expected about 4000 times. 
Fatigue damage produced by the 
small and large strokes is cumulative. 
No reliable method of predicting life 
under such mixed cycling schedules 
is known, but generally the predomi- 
nant damage is done by the largest 
stress cycles. 


Shock Absorber Forces High 


Shock absorber forces caused by de- 
flections of the suspension are often 
larger than the variation of spring 
forces. Road tests have shown that 
at the hop frequency of the wheels, 
(10 to 12 cycles per second), the 
vertical velocity, as measured at the 
wheel, will often reach 50 inches per 
second and will occasionally exceed 
100 inches per second. Shock absorber 
forces, as measured at the wheel, 
will hence often exceed 200 Ib and 
sometimes 300 Ib, depending upon the 
valving used. 

Beyond 3-inches compression, mea* 
urements of deflection do not permit 
a good estimate of forces, since rub 
ber bumpers increase the wheel forces 
rapidly. However, such large deflect 
tions are rare and static failure be 
comes most important. Parts sub 
jected to these forces show static 
load capacities of approximately four 
times static load, (5-passenger |oad), 
on passenger cars. On cross-country 
vehicles, the required capacity may be 
between eight and ten times static 
load. 

Lateral forces between tire an 
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A case history based on the experience of the American 
Brake Shoe Company, Kellogg Division, Rochester, N. Y. 





load 
' te B The blueprints (and direct-process prints) submit- 
sflec. ed by customers placing machining orders used to 


that be a problem for the Kellogg Division, American __ these prints could not be used as print-making mas- | 
nway BBrake Shoe Company. ters in Kellogg’s direct-process machine. How, then, | 
| 
| 


16 ; 
0,000 § Invariably, prompt delivery was requested. But... could the extra copies be obtained in the shortest 
* time ... and at the lowest cost? 


ches Bhefore production could begin, extra copies of each 
mes. 


the gcustomer-print were needed. Being semi-opaque, Kodagraph Autopositive Paper was the answer. 
itive. — 

> life Now... extra copies are made quickly... economically 
ul 

a With Kodagraph Autopositive Paper, Kellogg reproduces 


the blueprints, direct-process prints, and other types of | 
“originals” directly . . . quickly obtains the print- making | 
masters that are onndied so urgently. 


The operation is simple... is performed under ordinary 


| 
y de- room light. Autopositive Paper is exposed in contact with | 
ten the customer's print in Kellogg’s direct-process machine. It 
a is then processed in standard photographic solutions. The | 
ie result is a sparkling, long-lasting, highly legible photographic 
the reproduction—dense blacks, clean whites—on a durable, | 
the evenly translucent paper base. From this Autopositive inter- 
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mediate, the required number of extra copies can be turned 
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cat without an extra step. giving all the facts on Kodagraph Autopositive Paper. 
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Sier-Bath Gear Coupling compared 
with two major conventional types of 
same shoft size. Through all sizes, 
Sier-Bath’s HP capacity is greater 
than either. 


Ready for 
Assembly 




















2—Press in Seal... 

















.@ ¥; Usual Size 
@ % Usual Weight 


@ Assembled in Seconds 


NEW Sier-Bath 


Flexible 


GEAR COUPLING 


ONLY 7 PARTS! 


HIS NEW, simplified gear coupling 

makes possible lighter, more com- 
pact designs, allows faster assembly, 
and provides better protection for 
coupled equipment. A one-piece smooth 
sleeve replaces the conventional heavy 
flanges, and instead of the usual nuts 
and bolts, the sleeve is held on the hubs 
by a simple seal and snap ring arrange- 
ment. Thus the new coupling is smaller 
and lighter, and can be assembled in a 
fraction of the time. 


This simplification does not alter the 
basic flexibility of the gear type. The 
Sier-Bath Coupling handles the usual 
amount of angular and offset misalign- 
ment, and end float. And, being smaller 
and lighter, it puts less strain on shafts 
and bearings. 


With no bolts to shear, seize, strip or 
corrode, the new coupling is more 
dependable and durable. Though the 
snap rings are installed by hand and re- 
moved with a smail screw driver, they 
will withstand 50,000 Ibs. of end thrust. 
The neoprene seals are guaranteed 
leak-proof—the hubs and sleeve are 
made from steel forgings with 90,000 
Ibs. tensile strength. Silent operation 
and long life are insured by precision 
cut internal teeth, and the design pro- 
vision that a// the load is carried on all 
the teeth al/ the time. 





3—Snap in Snap Ring! 


Member A.G.M.A. 


Sier-Bath 


GEAR and PUMP i. Inc. 


\ 





WRITE FOR BULLETIN! 


Gives installation photos, complete 
list of cost-cutting advantages, de- 
tailed plan drawings and specifica- 
tions for standard, vertical, mill 
motor, spacer and floating shaft 
types—sizes from % to 6, HP 4 to 
550. (Special sizes and types on 
request). 


9263 Hudson Blvd., N. Bergen, N.J. 


Also Manufacturers of Precision Gears and Gearex and Screw Pumps 





road during cornering rarely exceed 
40 per cent of static lead on the outer 
wheel, and the highest that an abu- 
sive driver may impose is probably 
not above 60 per cent. On rough or 
rutted roads, forces of this order 
may appear in straight-away driving, 
and even larger loads may be im- 
posed occasionally during curb jump. 
ing or overturning. 


Traction Limits Some Forces 


Forces due to traction and brak- 
ing are limited by the traction coef- 
ficient between tire and road. A 
value of unity for this coefficient 
seems to be the maximum, and de- 
signs based on this figure have been 
satisfactory if the weight transfer 
between front and rear during ac- 
celeration or deceleration has been 
considered. Driving torque is also 
limited by available engine torque. 

Vibrations can appear in many 
forms, such as torsional and bending 
vibrations ef the crankshaft, propeller, 
shaft whip, shakes induced by the 
suspension, and others. They can 
produce many cycles of large stress 
amplitude and will therefore require 
high fatigue durability in the affected 
parts. However, such vibrations must 
be suppressed for reasons of pas- 
senger comfort alone, and therefore 
they will only rarely determine the 
standard of durability. 


Collision Resistance 


Resistance to coHision damage is 
not usually a design requirement, and 
it varies greatly between such parts 
as bumpers, fenders, body panels, and 
chassis members. But during expe 
rience with past cars, owners and 
service men have come to expect 4 
certain performance, and if a new de- 
sign is more vulnerable, there will be 
many complaints. Few numerical data 
are available and the tolerances are 
wide, especially where considerations 
of styling predominate, but one ex- 
ample may be of interest to chassis 
designers. When wishbone type front 
suspensions were first introduced, the 
shock absorber and its arm formed 
the upper wishbone. Although this 
construction, as designed, was satis- 
factory in normal service, complaints 
of frequent collision damage forced 
its redesign so that the assembly 
would withstand a longitudinal hor'- 
zontal force of” approximately 3000 
lb before permanent set. 

From a paper entitled “Operational 
Stresses in Automotive Parts,” pre 
sented at the SAE Annual Meeting 
in Detroit, January 8-12, 1951. Com 
plete copies may be obtained from 
SAE, 29 W. 39th St., New York 18; 
$0.25 each to members, $0.50 to nom 
members. 
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WALKER-TURNER 
TOOLS and 
GILMER 

V-BELT DRIVES 















/ 
é 





a geen built with the user’s 


special needs in mind !?’ That 
well-known Walker-Turner phrase 
means the right design for the job 
... right in every way from motor, 
through transmission, to the cut- 
ting tool. And not the least is 
dependable power transmission, 
a job that’s being performed 
with top efficiency by Gilmer 
V-Belt Drives. 


IN GILMER V-BELTS YOU GET... 


PULLING POWER... provided 
by high-strength Rayon cords, spe- 
cially processed to minimize stretch. 


Walker-Turner 15” drill press (belt guard removed) 
showing Gilmer V-Belt Drive and the stepped sheaves 
which permit five speeds — 600 to 5,000 RPM. 


s 


And the Gilmer tension section is 
correctly placed to permit easy flex- 
ing and eliminate belt distortion. A 
firm grip is maintained by Gilmer 
groove-hugging, straight-wall con- 
struction. 


LONG LIFE. In Gilmer V-Belts there 
can be no separated parts to cause 
internal friction. All parts are thor- 
oughly bonded. Tough, multiple 
jackets resist wear, protect internal 
parts from foreign matter and assure 
long, uniform service. 


SERVICE. Nationwide Gilmer dis- 
tribution assures prompt belt replace- 
ment service to all buyers of equip- 
ment using Gilmer V-Belts. 





oooe Le HH. GILMER COMPANY ...-.----- 


603 Tacony, Philadelphia 35, Pa. 


Division of United States Rubber Company 





























precision built... 
New s 


OF MANUFACTURERS 


Snap-Tite Inc., manufacturer of 
swivel ball-bearing quick disconnect. 
ed couplers, has moved to a larger 
plant at 201 Titusville Rd., Union 
City, Pa. The new plant contains 
modern facilities with which to mee 
customers’ needs and will provide for 
increased production and the develop 
ment of couplers for uses in new 
fields. 


. 


Steel Improvement & Forge (Co. 
of Cleveland has organized a wholly 
owned Canadian subsidiary, to he 
known as Canadian Steel Improve 
ment Ltd. The new organization will 





TYPE SX SYNCHRONOUS MOTOR 


A permanent magnet type motor producing an build a plant in Toronto to forge 
exceptionally high torque, the Cramer Type SX turbine and compressor blades for 
Synchronous Motor is widely used with timing devices, jet propulsion engines for A. V. Roe 


recording instruments, communications equipment of Canada Ltd., who is building planes 
for the Dominion Government. To be 
completed this year, the new plant 
will have 41,000 sq ft of floor space 
and will employ at the outset approx- 
imately 180 workers. 


and for many other applications throughout the 
instrument and control fields requiring a constant 
speed at a given frequency. Self-starting 

. Operates at synchronous speed only. 


Compact... precision-built ... available with oytput 
speeds from 60 RPM to 1 24 RPH. + 

Cannon Electric Co. recently opened 
a new plant at 191 Kimberly St. on 
Highway No. 1, in the East Haven 
district of New Haven, Conn. This 
expansion will provide engineering 
asi and design consultation services for 
= eT 4) eastern customers at present, and 
vy | As as soon as possible warehousing, as 
- - ‘= &: sembly, subcontracting and eventu- 
" | ji : ally manufacture will be added in or- 
“| ' der to give overnight delivery to the 

. i ' East Coast. 

== 





. Tliliile Ma-aeleellale MM laleliaelilale Mmelale| ton Ave., Cleveland, O., producers of 
¢ switching applications where an air vibration equipment for over 2 
é years, has recently completed alt 
. other addition to its plant. The new 


addition will house new automatic 


accurate reset operation is essential, 


Cramer Clutch Motors combine the Type 


. — TYPES SCS & SCR CLUTCH MOTORS ‘ 
ae 
. Designed to meet the needs of many Cleveland Vibrator Co., 2762 Clin- 


SX Motor and a differential gear screw machines being used for we 
‘drive. Two basic types... Type SCS brator production. 
equipped with direct-acting clutch . . . Type SCR with reverse-acting rs 
clutch . . . each available in a wide range of speeds Proportioneers, Inc., Providence, 
R. I, manufacturer of chemical pro 
Cramer motors are also available as Reversible and portioning and feeding equipment, has 
Chart Drive Types. Write for complete information acquired Synchro-Master Co., for 


merly of Seneca Falls, N. Y. The 

business will be operated as the Sy 

T H E he W R A M F R ‘2 O N a chro-Master Division, with sales and 
" production facilities located in Provi- 

dence. The merger makes available 
to Proportioneers, Inc. a proved m& 
chanical differential and the back 
ground of experience in its applic 


BOX 6, CENTERBROOK, CONN. 





Y . . . : 
Wuilders of dependabl firming devices for more lhan 25 vears 


NTERVAL TIMERS . TAME DELAY RELAYS . RESET TIMERS . CYCLE TIMERS 
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PULSE TIMERS . RUNNING TIME METERS . PERCENTAGE TIMERS 
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4. things to look for 
when on need a new 


black-and-white print machine 
Ow 


NO EXHAUST DUCTS. Bruning BW machines do not use a vapor de- 
veloper nor emit fumes, thus they need no exhaust ducts. You merely roll 
them on their casters to wherever they are needed, connect them to your 
electric circuit and they are ready to make prints. 


LESS MAINTENANCE. Craftsmanship and top-quality materials mark every 
Bruning machine, and. pay off in reduced maintenance. All essential bearings 
are self-aligning permanently lubricated ball-bearings, and bearing shafts 
are ground to a .0002” tolerance. The adjustable speed drive is‘a simple, fool- 
proof, patented transmission that runs for years without attention. Welded 
torque tube braces provide rigidity, assuring exact roller alignment despite 
uneven floors. Every part requiring servicing is accessible in minutes. 


”~N “oN 
FLEXIBILITY. Bruning machines can handle any black-and-white print 
job. The unrivalled variety of Bruning sensitized papers, acetates, films and 
cloths assures you of complete flexibility. Six different BW machines offer a 


complete range of speeds and capacities for your every requirement. 


$e 

COPYING “KNOW HOW” Specialists in copying since 1897, Bruning introduced 
the black-and-white print to this country in 1929. We manufacture 85 
varieties of sensitized papers, films and cloths—far more than any other sup- 
plier, and our four coating plants are strategically located to guarantee fresh 
materials to all sections of the country. Servicing facilities and distribution 
are nationwide. 

See for yourself why Bruning BW copying machines are best. The coupon 
will provide you with a demonstration or explanatory booklet without obli- 


gation. Send it today. 


Specialists in copying since 1897. 


——=<——=— CHARLES BRUNING COMPANY, INC. -~—~—— 
Dept. O-61 100 Reade St. New York 13, N. Y. 


(] Please send me information on Bruning BW machines. 
(] | would like to see a Bruning BW machine demonstrated. America’s largest manufac- 
turers of electrical equip- 
ment use Bruning BW copy- 
ing machines like this 
Model 93 to turn out thou- 
sands of square feet of 
black-and-white prints every 
day. 


Name Title 





Company 





Street_ 
City 
242 
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tion in many fields. New designs ay 
contemplated for use with the com 
pany’s automatic proportioning anj 
blending systems. 


° 


Celanese Corp. of America has ap 
nounced plans for the construction ¢ 
a modern chemical plant located ; 
Pampa, Texas, in the Panhandle ares 
The materials to be produced are use( 
in the manufacture of yarns and plas 
tics, synthetic rubber, explosives, and 
many other products. The plant w 
provide an additional source of the 
raw materials necessary to meet the 
increasing demand for the company’ 
products and will also breaden thé 
supply of chemicals for an accelerated 
defense program. 


¢ 


Reading Crane & Hoist Corp. is the 
new name for Reading Chain & Block 
Corp., Reading, Pa. The change of 
name does not affect the capita 
structure, personnel, ownership o 
production of the company, but is 
merely more descriptive of the com 
pany’s operation. 


+ 


General Electric Co. recently opened 
its new $2,000,000 measurements lab 
oratory of the meter and instrumen 
divisions at Lynn, Mass. The labora 
tory’s corps of specialists conducts 
research into new ways to measure, 
develops new materials and devices, 
tests them for reliability and ac 
curacy, evaluates manufacturing 
processes, maintains accuracy stand 
ards, and checks products off the 
production lines. 

o 


Worthington Pump & Machinery 
Corp., Harrison, N. J., has acquired 
the land, buildings and equipment 0 
National Transit Pump and Machine 
Co., Oil City, Pa. The plant, cover 
ing about 500,000 sq ft, will be util 
ized by the corporation for increasing 
its production of equipment related 
to national defense. 


¢ 


Reynolds Metals Co. has awarded 
the contract for the construction of 
its $80,000,000 aluminum reduction 
plant in Texas to Henry C. Beck Co. 
Dallas, Tex. 

J 


Consolidated Vultee Aircraft Corp» 
under contract to the U. S. Nav 
Bureau of Ordnance, has activated 
a new division—Missile Division. This 
will be the first integrated production 
plant for supersonic guided missiles 
in the country. The missile unit 
itially will oceupy approximately 200; 
000 sq ft of floor space. It will 
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1G) LAMINATES News 


News of General Electric Plastics Laminates that can be of importance to your business. 











G-E PLASTICS LAMINATES Give You 
EXTRA QUALITY AT LOW COST 


The engineering and manufacturing experience 





gained through many years in both the produc- 
tion and use of plastics laminates by General 
Electric is your assurance of extra quality at 
low cost. 

For example, General Electric is one of the 
world’s largest producers of naval and indus- 
trial control panels for both electrical and 
electronics applications. Through extensive 
work with this equipment, G.E. has developed 
a complete, high-quality line of laminated 
sheets for a wide variety of industrial and mili- 








lary applications. 


uinery™ With G-E Laminates, 
juiredi = most hi gh-speed machin- 
ont off ing operations are easily 
chine performed on standard 
cover“ wood and metal-working 
, util tools. Intricate shapes 
aSINEH and fine cross sections 
elated can be machined to close 

tolerances with a mini- 

mum of rejects. Work 


Send ten cents for the new G-E Laminates 
Comparator—a quick, easy reference to dif- 
ferent grades, characteristics and uses of 
canusually be performed laminated materials. Write Section Y-3, 
dry, for easier handling < oh eS Chemical Department, General Electric ce 
of finished pieces. - ie \ Pittsfield, Mass. Also, ask for information on 
‘% § the complete line of G-E Plastics Laminates. 


Corp. COMPLETE LINE OF LAMINATES—General Electric pro- ALSO —Look to General Electric for silicone insu- 
Navy duces a complete line of plastics laminates—either molded or lation, insulating varnishes, sealing and filling 
vated in the forms of sheets, tubes and rods with cloth, paper, giass compounds, mica insulation, varnished cloth and 
This fabric, or special bases for a wide variety of applications. tape. 


iction ns : 
it f UT youl conriaence in 


ssiles 
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Design Them Around PERMACLAD 
Stainless Clad Steel 


Today you can improve your products and equipment and give 
them corrosion resistance by designing them around PERMA- 
CLAD Stainless Clad Steel. PERMACLAD is stainless steel 
(usually 10% or 20% but can be varied to meet design require- 
ments) inseparably welded to mild carbon steel. It has the 
surface characteristics of stainless steel sco 

and the easy forming qualities of mild 

carbon steel. With PERMACLAD it 

is possible to minimize use of critical 

materials and, at the same time, im- _ siojnless 

prove your product and give it corro- Cladding 

sion resistance where corrosion resistance is needed. New appli- 
cations for PERMACLAD are constantly being discovered. It 
will pay you to investigate and learn if your product or 
equipment can be improved with PERMACLAD. Write 

for complete information and a free copy of folder D-98. ke 


For Better Products At Low Cost... Specify PERMACLAD 


PERMALLAD 


STAINLESS CLAD STEEL 


ALAN WOOD STEEL COMPANY 


CONSHOHOCKEN, PA. 


125 Years of Iron and Steel Making Experience 


Other Products: A. W. ALGRIP Abrasive Floor Plate « A. W. SUPER-DIAMOND Floor Plote 
Piates ¢ Sheets « Strip « (Alloy and Special Grades) 








completely self-contained, with its 
own machine and other shops, indus. 
trial relations section, engineering de. 
partment and assembly facilities, 


¢ 


The Aluminum Co. of America has 
announced plans for a new aluminum 
smelting plant at Wenatchee, Wash, 
The new plant will supply 170,000- 
000 pounds of aluminum annually for 
defense and civilian needs. Construe. 
tion will begin immediately, and it 
is hoped that the first aluminum 
can be produced at the plant within 
15 months. 


° 


Keystone Carbon Co., Saint Marys, 
Pa., has completed an addition of 
20,000 sq ft of floor space for the 
manufacture of powder meta] parts 
and negative temperature coefficient 
resistors. 

. 


Servomechanisms Inc. formerly at 
Old Country and Glenn Cove Roads, 
Mineola, N. Y., has moved its main 
office and home plant to new and 
larger quarters at Post and Stewart 
Avenues, Westbury, N. Y. Situated 
on a two-acre plot, the plant contains 
a total available floor area of 36,000 
sq ft, with 30,000 sq ft allocated to 
engineering and production, and the 
remainder to general office. 


» 


The E. I. du Pont de Nemours and 
Co. Inc. new experimental station ad- 
dition was dedicated May 10 before 
an assembly of some 200 distinguished 
academic and industrial scientists. 
This experimental station represents 
a $30,000,000 investment. 


° 


The Sprague Electric Co. has pur- 
chased part of the main plant of the 
former Holden-Leonard woolen mill 
in Bennington, Vt., to expand its fa- 
cilities for the manufacture of high- 
temperature magnet wire. The neW 
Sprague plant contains some 45,000 
sq ft of floor space, which will be 
devoted solely to the manufacture 
of Ceroc 200 and Ceroc T magnet 
wire for military electronic and elec 
trical components. 


+ 


Sharon Steel Corp. has officially 
named the company’s operating fa 
cilities at Farrell, Pa., the “Roemer 
Works”. The plant was named i 
honor of Henry A. Roemer, veteral 
steel leader who is chief executive 
officer of the company and chairmal 
of its board of directors. The a 
tion was taken to commemorate MT 
Roemer’s twenty years of leadership 
of the company, and was accompanied 
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Military applications for cork-and-rubber gaskets 


Here are answers to a few of the questions design engi- 
neers are asking us about military applications of cork-and- 
rubber gasket compositions. 

Where is cork-and-rubber most useful in military ap- 
lications ? 

Cork-and-rubber is used effectively to seal: (1) metal- 
to-metal joints, (2) stamped and rough cast parts, (3) 
joints which will be repeatedly opened and resealed in 
the field, and (4) in any application where it is desirable 
or necessary to combine the compressible and frictional 
qualities of cork with the solvent and weather resistant 
qualities of synthetic rubber. 

Can cork-and-rubber be used in equipment intended for 
low-temperature operations? 

Yes. Most standard compounds may be used at tem- 
peratures as low as —40° F. Special compounds may be 
hecessary for use at lower operating temperatures. 
ls it possible to replace another gasket material with 
cork-and-rubber and thus cut production time? 

Yes. In a metal-to-metal joint, for example, flange faces 
are finished to the tolerances demanded by the assembly. 
The gasket and gasket channel, however, need not be 
held. to close tolerances if a compressible gasket is used. 
A slightly oversized cork-and-rubber seal, square or rec- 
tangular in cross-section, distorts to the shape of the chan- 
nel, compresses fully, and allows perfect mating of the 
flanges. It eliminates the need for either a relief for side- 
flow or its alternative, a molded gasket. 
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How well does cork-and-rubber resist fatigue? 

Armstrong’s Cork-and-Rubber Compositions have ex- 
cellent resistance to fatigue. This, combined with their 
reduced tendency to cold flow, makes them ideal for 
applications in which joints are subject to frequent opening 
and resealing in the field. 
How effective is cork-and-rubber in sealing stampings? 

In the drawing above, a cork-and-rubber gasket is used 
to seal a stamped diesel hand hole cover. The composition 
compresses easily into the irregularities of the stamping. 
At the same time, it is impervious and sufficiently resilient 
to form an effective seal under light bolt pressures. 


There is an Armstrong Composition designed to meet 
each of the six grades in MIL-G-6183 (formerly AN-G-32) 
covering cork-and-rubber gasketing materials. In addi- 
tion, Armstrong’s research laboratories are ready to de- 
velop new cork-and-rubber materials for applications for 
which no suitable material may be available. 

For further information on Armstrong’s Cork-and- 
Rubber Compositions and their application, call your 
Armstrong representative or refer to Armstrong’s Gasket 
Materials Manual in Sweet’s file for product designers. 


For a personal copy of this manual, write to 
the Armstrong Cork Company, Gaskets and Pack- ( yay ) 
ings Department, 5106 Arch St., Lancaster, Pa. <& 


ARMSTRONG’S Gasket Materials 
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PERFECTED TAPER makes the difference 
in American Wedgbelt Sheaves ! 


A few turns of just three set-screws and 
any American Taper-Bushed Wedgbelt 
Sheave is INSTANTLY TIGHT or 
QUICKLY RELEASED. This means 
easier, faster assembly of your product. 


American “‘perfected-taper’’ Sheaves 
and American Wedgbelts combine for 
perfected performance! 

© Quiet ¢ Vibration-Free © Long-Wearing Grooves 
¢ Maximum Pulling Power ¢ Minimum Belt Stretch 
* Long Belt Life. 


SICAN 


Perfected Taper Makes The Difference 


The Cimerican Pulley Company 4238 Wissahickon Ave., Phila. 29, Pa. 


At no obligation, please send me complete 
information on American Wedgbelt Drives. 



































by a testimonial and gift presented 
by associates in the company. Under 
Mr. Roemer, the Sharon production 
capacity has increased from 560,00) 
to 1,400,000 ingot tons per year, and 
coal and coke properties have bee, 
added to integrate the company. 


os 


Carboloy Co. Inc., Detroit, has 
initiated a broad service program of 
furnishing vital technical production 
data to defense industries. The move 
will enable such industries to obtain 
maximum productivity with minimum 
tooling in the manufacture of prod- 
ucts for the armed services. 


° 


Allis-Chalmers Mfg. Co. is erecting 
a new 80 by 210-ft nonferrous found- 
ry building at its Norwood, O., works, 
which is expected to be in operation 
early this fall. 


° 


The Sebastian Lathe Co. of Cin- 
cinnati, was acquired recently by Cin- 
cinnati Metalcrafts Inc. The assets 
and tradename of the lathe company 
were sold by American Steel Found- 
ries, the former owner, who retained 
the plant and manufacturing facili- 
ties. The newly acquired company will 
be known as the Sebastian Lathe Di- 
vision, Cincinnati Metalcrafts Inc. 
Manufacturing and administrative op- 
erations have been moved to the mod- 
ern plant of Cincinnati Metalcrafts 
Inc., 5000 Brotherton Road, Cincin- 
nati, O. New production machine 
tools have been added to existing fa- 
cilities, and production schedules will 
be stepped up to meet increasing de- 
fense demands for machine tools of 
this type. 

° 


The Hardinge Co., Inc., New York, 
owner of Hardinge Manufacturing 
Co. of York, Pa., has entered into @ 
contract with the Meehanite Metal 
Corp., New Rochelle, N. Y. to pro- 
duce Meehanite castings in its found- 
ry at York, Pa. 


¢ 


Westinghouse Electric Corp. has 
announced formation of a new Ailr- 
Arm Division and plans for a neW 
plant in Baltimore, to build equip- 
ment advancing aerial warfare “8 
step closer to the pushbutton stage.” 
The company has purchased 75 acres 
on a corner of the Baltimore Friend- 
ship Airport. There, by the end of 
the year, the company will be produc- 
ing for the Navy and Air Force auto- 
matic computers to direct gun and 
rocket fire, radar and autopilots for 
fighter planes and guided missiles, 
and complete airborne armament sy 
tems. The company has also ai 
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These precision built pumps have been specifically 
designed for long and economical industrial service, and 
to reduce liquid transfer costs in the vast variety of 
applications where they are suitable. Their five major 

ee Gronse spur gears points of superiority incorporate all the engineering and 
| (@berdorfer alloy #16438) production knowledge amassed in building literally mil- 
lions of bronze pumps over a period of more than 50 
years. These new Series 1 OBERDORFER INTER- 
Carbon bearings - 2 Mechenies! pressure NATIONAL pumps will prove their worth in intensive, 
(oiless) as ft and suction seals on-the-job tests against any competitive pumps on the 
market today. 


CAPACITY Galions of Water Per Hour for Series 1 


OBERDORFER INTERNATIONAL 
TABLES Outlet Pressure—P.S.1. (Pounds per square inch) 



































1725 RPM (Standard Electric Motor Speed) 
2 Ibs. 20 Ibs. | 40 Ibs. | 60 Ibs. | 80 ibs. | 100 Ibs. 
115 105 98 93 90 
225 215 205 195 190 
425 405 390 380 370 
610 580 550 530 510 
J : 1160 1140 1120 1100 1085 

4 1375 1350 1325 1300 1280 
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2 at eee 4 PRICE Oberdorfer International Series 1 
LIST IMPORTANT: Order by Pert Number 





stainless steel! shafts 











1% 2 3 4 7 7 


8 housi ; : : : 
(Oberderfer olley #741) fees oe Part No. 1000 | Part No. 2000 Pari No. 3000 | Part No. 4000| Part No. 7000 | Part No. 9000 














$14.25 $15.75 $20.00 $22.25 $28.50 29.75 


nate eatin FACTS ABOUT OBERDORFER 


1. The third largest non-ferrous foundry 
in the U. S. 


2. Over a half century of bronze pump 
manufacturing experience 


3. Long-established world-wide pump dis- 
tribution 


4. Millions of pumps in service 
5. Capitalization over one million dollars 


6. 1951 capacity for 250,000 Series 1 OBER- 
DORFER INTERNATIONAL pumps 


* First of five new series 


Write Dept. MD516 


INDUSTRIAL PUMP DIVISION 
Oberdorfer Foundries, Inc. 
Syracuse, N. Y. 
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Provide New Safety for Shipments 


Lord Shockproof Packing does away with solid bolting, cushion 
packing, and all other methods heretofore used in the attempt to safe- 
guard the shipment of fragile products, sensitive equipment, and 
complicated mechanisms. 

The product rides on Lord Shipping Mounts, designed to cushion 
the forces of shock in transit. Even under severe abuse in handling 
the product never touches the container. 

From the knowledge and experience gained in over a quarter of a 
century of specialization in solving shock and vibration problems, Lord 
has developed flexible rubber mountings to adequately cushion equip- 
ment against shock forces from all directions. Lord Shipping Mounts 
are easily installed in your own shipping cases by your packers. They 
are accurately designed for correct resiliency and load bearing strength 
to protect your product. 

Users report: “No breakage on record”. . . “Haven't lost a shipment 
due to rough handling”. . . “Need for servicing and adjustment of 
machines on arrival practically eliminated.” 

The LORD representative in your area will recommend the type, 
number, and placement of Lord Shipping Mounts to safeguard your 
shipments. Call the nearest Lord Field Office, or write us for full 
information. 


Provide positive shock protection. 

Permit shipping completely assembled product. 
Reduce need for servicing and adjustment at 
destination. 

Eliminate packing errors . . . save time. 
Reduce fire hazard by eliminating storage of 
loose packing materials. 


LORD MANUFACTURING COMPANY ©¢ ERIE, PA. 


Canadian Representative: Railway & Power Engineering Corp. Ltd. 


Vibration-Control Mountings 
. .» Bonded-Rubber Parts 


nounced plans for construction of ap 
electronic tube manufacturing plant 
on a 70-acre site in Bath, N. Y. This 
plant will produce electronic tubes 
for the Armed Services and for es. 
sential industries. 


* 


B. F. Goodrich Co. has greatly ex. 
panded the production of Delcers, the 
pulsating rubber tubes which prevent 
formation of ice on the wings and tail 
surfaces of airplanes. Several thous- 
sand additional feet of floor space 
and extra equipment are now being 
used for this purpose. Also, construc- 
tion of additional facilities for the 
company’s Research Center in Brecks- 
ville, O., has been started. The ex- 
pansion includes additions to exist- 
ing buildings and will be ready for 
occupancy in October. 


e 


The Nevada Scheelite Co., with 
mines and mill near Rawhide, Nev. 
is being transferred by sale of stock 
to Kennametal Inc., producer of hard 
carbide metals with metallurgical 
works and tool making shops at Lat- 
robe, Pa. Steps have been taken to 
improve the output of this tungsten 
property, thus increasing the coun- 
try’s supply of this much needed ma- 
terial. 

J 


The Silent Hoist and Crane Co. 
Brooklyn, has established a $5,000 
trust fund for the annual award of 
two cash prizes for student papers 
on materials handling. The object of 
these awards is to encourage young 
engineers to try to solve one of the 
problems of modern industry which 
adds to production costs. Income from 
the new Polytechnic Institute of 
Brooklyn trust fund will be distribut- 
ed each year in June to authors of 
papers of merit in the field of ma- 
terials handling. Papers are to be 
judged by a faculty committee head- 
ed by Prof. Ernest L. Midgette, head 
of the Department of Mechanical En- 
gineering. 


Paper Machinery and _ Research 
Inc., 1014 Oak Street, Roselle, N. J. 
has expanded its facilities for the 
production of engraved applicator 
rolls. Pamarco engraved applicator 
rolls include Evenflo inking rolls and 
rolls for applying plastics, adhesives, 
color and other materials in liquid 
form. New improved production fa- 
cilities include a larger stock of dies 
and die sizes, new precision engraving 
machines, and other modern shop 
equipment that assures greater pre 
cision and faster delivery of appli- 
cator rolls for every use. 
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Design Sheets free on request to designers and engineers. Write on your letterhead to 


THE LINCOLN ELECTRIC COMPANY 
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PRESS OPERATIONS 


SS 


:° 


Dies, punches, and shear 
knives wear up to three times 
as long! Only 1/10 as much oil 
now being consumed! Punch 
breakage reduced, oil drippage 
.eliminated! . . . These are typical 
comments of manufacturers 
using the new Manzel Automatic 
Spray System. And in every case 
the savings are out of all 
proportion to the modest cost of 
installing the system. 


Manzel Spray Lubricators force 
automatically timed jets of oil 
spray directly onto the punches, 
shear kniveS, dies, rollers, or 
other parts. Compressed air and 
oil are fed simultaneously into 

@ spray nozzle aimed at the 
critical area. The system is readily 
installed on any type of equip- 
ment, large or small. Write today 
for descriptive folder. 


Manzel engineers will gladly 
assist you in solving any 
lubrication problems. 


DIVISION OF 
FRONTIER INDUSTRIES, Inc. 


276 BABCOCK STREET, BUFFALO 10, N.Y. 





ACTtivitieés 


The American Institute of Electric. 
al Engineers will present the 19%) 
Benjamin G. Lamme gold medal dur. 
ing the General Meeting at Toronto, 
Canada, June 25-29. Recipient of the 
award will be Donald I. Bohn, chief 
electrical engineer of the Aluminum 
Co. of America. Bohn represents the 
22nd recipient of the medal which is 
awarded annually to an _ Institu 
member “who has shown meritoriou 
achievement in the development of 
electrical apparatus or machinery.” 


. 


The SAMA Award for Outstanding 
Service, presented only twice since 
the Scientific Apparatus Makers As 
sociation was established 33 years 
ago, was given recently to Col. Evan 
E. Kimble, pioneer leader in the field 
of machine and handmade glassware 
and founder of Kimble Glass Co., now 
a division of Owens-Llinois Glass Co. 


° 


New models of materials handling 
equipment valued at an estimated 
$10,000,000 were on display at the 
National Materials Handiing Expo. 
sition in Chicago from April 3 
through May 4. This exposition is 
sponsored by the Material Handling 
Institute. Thousands of new models 
were displayed by 240 companies in 
exhibits spread over eight acres, and 


for the first time an outdoor exhibit # 


area was provided for demonstrations 
of handling machinery for bulk and 
liquid materials. 


° 


Setting a new attendance record, 
2074 members and guests of The 
American Ceramic Society recently 
met in Chicago for the fifty-third 
Annual Meeting of the Society. How- 
ard R. Lillie, research physicist for 
Corning Glass Works, Corning, N. Y. 
was installed as president for 151 
52. Serving with him the coming yea! 
will be president-elect William © 
Cramer, president of Industrial Cer- 
amic Products Inc., Columbus, 0: 
vice presidents Probert W. Dagel 
sales engineer for the H. C. Spinks 
Co., Van Nuys, Calif., Ray W. Paf 
ford, vice president and genera! plant 
manager of the Acme Brick © 
Fort Worth, Tex., and Arthur A. 
Wells, vice president and general su" 
perintendent of the Homer Laughlia 
China Co., Newell, W. Va.; treasure’ 
Edwin M. Rupp of Columbus, 0. 
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sto (lof te, Most in Your 


SLEEVE BEARING APPLICATIONS 


Simplified design and production savings designed. Re-design of bearings alone can 
can be effected in bearings, bushings and sometimes be very helpful also. Our Engi- 
similar precision parts by designing the _ neering Department is prepared to provide 
bearing when the engine or unit itself is this service—consult us without obligation. 


LEAD BASE OR TIN BASE LINING 

Many alloy variations are available. When design, alloy 
lining, back material and production method are prop- 
erly combined, you obtain maximum performance at 
a practical cost. 


CAST OR SINTERED COPPER-LEAD 
Copper-leads of similar chemical analysis can give 
radically different performance results. Our improved 
copper-lead metal powder and entirely new casting 
techniques for our cast bearings permit great flexi- 
bility to meet the widest range of requirements. 


CAST OR ROLLED SPLIT-TYPE BUSHINGS 

For heavy-duty service we produce cast bronze bush- 
ings (and intricate precision bronze parts) to almost 
all bronze specifications. The rolled split-type bushing 
offers many economies where heavy-duty is not in- 
volved, provides substantial material savings while 
maintaining performance standards. 


ENGINEERING SERVICE 
Our Engineering Department 

is glad to work with you in original 
design development or re-design 
of existing units. 

For information address: 


FEDERAL-MOGUL CORPORATION, 11045 Shoemaker, Detroit 13, Michigan 








Since 1899 


Our six plants produce 
sleeve bearings in all 
designs and sizes; cast 
bronze bushings; rolled 
split-type bushings; 
bi-metallic rolled 
bushings; washers; spacer 
tubes; precision bronze 
parts and bronze bars. 











Thermostat 
(shown full size) 
Manufactured by 
Stevens Mfg. Co. 
Mansfield, Ohio 











Stevens Type “C” 


(Patent applied for) 


CONTACT SPRING 





CHACE 
Keeps Them 


Home on the Range 


TELEVISION plays a big part in keeping the “small 
fry” at home these days, and this Stevens Type C 
thermostat helps keep their favorite programs on the 
video screen. Actuated by Chace Thermostatic Bi- 
metal, the thermostat is used in communications 
equipment, electronic devices and other apparatus 
requiring a high degree of temperature stability. 


In its television and radio application this thermostat 
maintains a constant ambient temperature around the 
quartz crystals which control transmitter frequencies; 
this prevents variation in these fre- 
quencies. Since it is essential that the 
thermostat respond only to the tem- 
perature of the device it controls, an 
electrically independent strip of Chace 
Thermostatic Bimetal forms the actuat- 
ing element. Current flows through the 
stainless steel or alloy spring, but does 
not pass through the thermostatic bimetal. As the bi- 
metal element responds to a predetermined ambient 
temperature it overcomes the spring pressure and opens 
the contacts. This assures a sharp, clean break and 
eliminates artificial cycling or life-shortening “jitters.” 





CONTACTS 


The simplicity, efficiency and compactness possible 
when using Chace Thermostatic Bimetal enables 
Stevens to furnish this thermostat in a wide variety 
of production models, each using the same actuating 
element. Perhaps your product, too, can offer extra 
advantages when designed around an actuating 
element of this versatile material. Let The Chace 
Application Engineer, with his background and ex- 
perience in the control of temperature-responsive 
devices by Chace Thermostatic Bimetal, help you. 


W. M. CHACE CO. 
Theunostalic Bimetal 


1616 BEARD AVE., DETROIT 9, MICH. 


IMETAL 


sales engineer representing th 
United Feldspar and Minerals Com, 
and National Engineering Co.; aj 
general secretary Charles S. Pean, 
of the Society’s headquarters in 
lumbus, O. Dr. Ralph K. Hursh, ; 
member of the University of Ilingis 
faculty at Urbana since 1911, receive 
the Society’s highest award, the Ros 
Coffin Purdy Award, which is give 
annually for “the most valuable cop: 
tribution to ceramic technica! liters. 
ture.” 
° 


Senator Ralph E. Flanders of Ver. 
mont was awarded an honorary men- 
bership in the American Society o 
Tool Engineers during the Annu 
Meeting of the Society in New York 


¢ 


More than 300 manufacturers, rep- 
resenting both small and big business 
in the Midwest and the East, met 
with representatives of the Armei 
Forces on May 17 and 18 in Detroit 
to discuss mass production for de- 
fense and the problems arising from 
a “peace or war” economy. The con- 
ference was called by the National 
Security Industrial Association, a non- 
lobbying, nonprofit organization 
which functioned efficiently during 
World War II as a close tie between 
producers and the military. Co-op- 
erating as hosts to the visitors were 
General Motors Corp., Chrysler Corp., 
the Ford Motor Co. and the Jam 
Handy Organization, each of which 
had arranged presentations on pal- 
ticular operations applicable to the 
task of meeting defense demands 
while maintaining the civilian econ- 
omy. 

° 


The American Society of Tool Engi- 
neers have chartered two new chap 
ters, the 87th and 88th. The new 
chapters are Jackson, Mich., and Long 
Island, N. Y. 

* 


Formation of a joint committee 
representing the nation’s foundries 
scrap dealers and steel mills to deal 
with the critical scrap problem was 
announced recently by Robert W. 
Wolcott, chairman, Lukens Steel Co. 
and chairman of the Committee o 
Iron and Steel Scrap of the Americal 
Iron and Steel Institute. The ne¥ 
committee is to be called the Mobili- 
zation Committee for Iron and Stee! 
Scrap. 

* 


Thomas Robins Jr., president o 
Hewitt-Robins Inc. and president o 
the newly reactivated Kentucky Sy® 
thetic Rubber Corp., Louisville, Ky 
has been elected a director of th 
Rubber Manufacturers Associatio®. 
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DESIGN MEN SPECIFY CARAVAN axles 
because they increase operating effi- 
ciency, provide dependable movabili- 
ty and reduce axle costs. 


CARAVAN AXLES are recommended 
for utilization with military and in- 
dustrial as well as field service and 
construction equipment such as con- 
crete mixers, welding apparatus, drill- 
ing rigs, fire fighting apparatus, etc. 


CARAVAN units can be furnished in 
two-wheel, single-axle assemblies as 
well as four wheel running gear 
equipped with automotive type steer- 
ing mechanisms. Straight and drop- 
axle type construction can be supplied 
as standard. 

Employing controlled camber, toe-in 


and caster, which facilitate positive 
trail at high speeds, CARAVAN AXLES 


A 
j ; 


5 
we) 


14 West Interstate Street @ 








provide smooth steady movability 
over high grade surfaces and maxi- 
mum roadability over rough terrain. 
Axle beam construction is of solid 
square steel stock and sized to in- 
dividual specifications. 


CARAVAN AXLES are available hav- 
ing load capacities ranging from 
1000 to more than 12,000 pounds, 
and they can be furnished in a wide 
range of sizes and models to meet all 
requirements. 


Write today for your copy of UNITED’S new 
12-page, multi-colored and _ illustrated 
Catalog No. 101 which describes 
CARAVAN axles as well as CAR- 
AVAN surge-control braking de- 
vice and CARAVAN retractable 
third-wheel for use with two- 
wheel single-axle units. Catalog 
includes photographs, line draw- 
ings and complete specifications. 


Bedford, Ohio 
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The present serious STEEL SHORTAGE 


has reduced our warehouse stocks of HY-TEN and Standard 
alloy steels to a sub-normal level. 

This inventory situation is, of course, very unsatisfactory 
but we are doing everything we possibly can to improve it. 

Our aim is to allocate available stocks to our customers in 
the fairest and most equitable way possible. 

Defense certifications on your warehouse orders will aid 
us greatly in supplying your alloy steel needs. 

In the light of current conditions, we suggest that you put 
our metallurgical knowledge and experience to work for you. 

It frequently happens that, when certain exact specifica- 
tions are not available, our metallurgists can recommend 
entirely suitable substitute materials or alternate methods of 
manufacture and treatment. 

Your nearby Wheelock, Lovejoy representative knows 
metallurgy. He stands ready to give you expert assistance in 
solving your problems. 

Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 


133 Sidney St., Cambridge 39, Mass. 
and Cleveland + Chicage * Detroit 
Hillside, N. J. * Bullale + Cincinnall 


* 

I \g\ 1g 7 
WHEELOCK 
ABABA 4 ” 


DREIROTI BLEFALO 
CINCINNATI 


In Canada 
a Cm SANDERSON-NES BOULD, LTD... MONTREAL 
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SALES AND SERVICE 


ORMERLY assistant sales my 
ager, A. F. Reinking has beg 
named manager of the steam turbip 
sales division of Worthington Pum 
and Machinery Corp. He will mak 
his headquarters at the company 
Wellsville plant. Mr. Reinking com 
pleted the Worthington student traiy 
ing course in 1927 and was assign 
to the New York district office. 
years later he joined the Moore Stean 
Turbine Corp., but again became as 
sociated with Worthington when thz 
corporation purchased the Moore co 
pany in 1936. 


° 


Formerly production manager fo 
magnesium wrought products at Mid 
land, Mich., R. E. McNulty has bee 
named manager of the new Madison 
Ill., division of The Dow Chemica 
Co. 


¢ 


The Lenkurt Electric Co., 
Carlos, Calif., has announced the ap 
pointment of Edward G, Hall as engi 
neering representative for its sale 
and engineering service departmen 
For several years before joining thi 
company, Mr. Hall had been gener 
transmission engineer for the Indian 
Associated Telephone Corp., Lafa 
yette, Ind. 


° 


H. J. Lafaye has been named sale 
manager and W. J. Lee, assistal 
general manager in the rim divisio! 
of the Goodyear Tire & Rubber Co. 


¢ 


The appointment of Charles 
Schmitt as manager, lubrication sale 
department, has been announced }} 
E. F. Houghton & Co., Philadelphia 
Formerly lubrication manager for the 
central and western division, M! 
Schmitt has been transferred to th 
company’s main office in Philadelphif 
from Cleveland. 


° 


The board of directors of the Brie 
Manufacturing Co., Erie, P4., recent! 
named Earl C. Miller executive assist 
ant to R. F. Merwin, president, 
promoted M. L. Cramer to sales ef 
gineer. Mr. Miller came to the com 
pany in March, 1948 as sales enginett 
and in June of the same year * 
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— ysed in Clutch Disc Sleeve of 


PROSPERITY DRY CLEANING MACHINE 


Close tolerances and 
rugged construction 
provide quiet operation 
and friction-free 


protection 








oe Ga tal | 






reo 





@ In Model 6A Prosperity Dry Cleaning Machines, 
the Pneumatic Diaphragm Clutch is engaged 
during the washing operation and disengaged 
during the extraction operation. At the shift, 
clutch locks the ““V" pulley and power is trans- 









e ap 










yo mitted through the keyed Extractor motor shaft. 
nen The clutch disc sleeve for this shaft is mounted 
th on a double-row Orange Cage Type Needle 
a Bearing with inner race to prevent linear creep. 
‘afa The Prosperity Co., Inc., Syracuse, N. Y., has been 






using these bearings for seven years, with highly 
satisfactory results. 







Exclusive cage design holds rollers in permanent 
alignment—prevents skewing—permits precision- 
controlled internal clearances. 







range Cage Type Needle Bearings are 

serving with great success in spindles — 
vertical installations—overhung mountings and 
relatively high speed applications. They are less 
affected by misaligned mountings and uneven 
loadings. They are unequalled where extreme 
precision and quiet, smooth running are essential. 
Yet, with all these features, they provide high 













load-carrying capacity in limited space, plus a , in 
“bonus” of Pentrate-finished raceways and WRITE FOR ENGINEERING DATA FOLDER on Cage Type £ # ™, | 

‘ . Needle Bearings, showing construction, advantages, ie | MPAs 
rollers for increased resistance to corrosion and dimensions, capacities, etc. BUNINGG 






friction. \m 
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HYDRECO OIL HYDRAULIC 


PUMPS:VALVES: CYLINDERS 
once again help speed -#merican Defense 


When America was The Arsenal of Democracy, HY DRECO-equipped 
hydraulic lift trucks like the Towmotor pictured above, helped to 
revolutionize material handling in the new defense industries. 


Now once again, HYDRECO-equipped industrial lift trucks, such as 
this "51 Model LT40 Towmotor, are “mass-handling” industrial 
products to help speed American defense. 


A 1500 Series HYDRECO gear pump, designed 
to operate at full engine speed, is directly 
coupled to the Towmotor engine to provide 
always-ready hydraulic power. 


HYDRECO Hollow-Plunger control valves are 
used on these Towmotor trucks to cut out 
lost motion in picking up and stacking, 
as HYDRECO valves provide smooth and 
accurate control in raising, tilting, and 
accessory operations. 


On the LT40 Towmotor, both tilt and lift 
cylinders are also HYDRECO-built. Designed 
for operation under all conditions, efficient 
wipers and cylinder packing keep oil in and 
dirt out of the hydraulic system. 


coy Another new addition to HYDRECO’s fast- 
growing plant is scheduled for completion soon. 
Like all HYDRECO facilities, this addition will 
soon be devoted entirely to the production of 
oil-hydraulic pumps, valves and cylinders 
for the materials handling, earth mov- 
ing, road building and other equip- 
ment industries. 


HYDRAULIC EQUIPMENT COMPANY 
, 1106 EAST 222nd STREET © CLEVELAND 17, OHIO, 
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promoted to export sales manager 
Mr. Cramer first became associate 
with Eriez in January, 1949 as tec). 
nical sales correspondent. He is heaj 
of the sales department in the abseng 
of R. A. Roosevelt, sales manager, 


+ 


The H. M. Harper Co., Morty 
Grove, Ill., manufacturer of nonfer. 
rous and stainless steel fastenings 
has appointed Ralph N. Hillner 
central district sales manager. With 
headquarters at Morton Grove. he wil 
now supervise nine regional offices 
Until his new appointment, Mr. Hill 
ner was manager of the company’s 
St. Louis office, a position which has 
been filled by Glenn N. Hunolt. 


° 


Robert N. McCollom, central sta- 
tion supervisor for the Westinghouse 
Electric Corp. at Detroit, has bee 
given a year’s leave of absence to 
aid in the nation’s preparedness pro- 
gram. He will work in the Power 
Equipment Division of the Nationai 
Production Authority in Washington, 
D. C., in charge of the Switchgear 
Section. 


« 


Previously service sales manager, 
Donald N. Arndt has been named as- 
sistant general sales manager of the 
Marvel-Schebler Products division of 
Borg-Warner Corp. 


+ 


The appointment of William F. 
Arnoldy as special representative of 
the Townsend Co., New Brighton, Pa, 
was announced recently. As a rep 
resentative in locknut development 
and application, Mr. Arnoldy brings 
to the company experience gained i 
more than ten years with Boots Air 
craft Nut Corp. and The Nylok Corp. 
He will have his headquarters 
New Brighton and will direct the sales 
of the company’s line of locknuts. 


¢ 


Arcos Corp., welding electrode mal- 
ufacturer of Philadelphia, has trans 
ferred J. R. Collins to its newly opene? 
sales office in Chicago. He has beet 
sales representative in the Philadel 
phia territory since 1946. 


. 


Election of George W. Marshall J: 
and Alvin F. Heinsohn as vice pree 
idents of Raybestos-Manhattan Ine 
was announced recently. Mr. Ma 
shall, who has been sales manager of 
the company’s asbestos products div 
sion since 1947, will continue to direc 
sales activities on asbestos brake lit 
ings, clutch facings, asbestos textiles 
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Despite the emergency you are probably doing some long-range 
planning . . . exploring the possibilities of the day when all-out 
production of civilian goods will again demand emphasis on 
advanced design. 
In exploring the possibilities of your peognets’ future, it will 
mal- pay you to remember this basic truth: Fine machines begin 
. with fine bearings . . . and “‘fine bearings” is simply another 
rans way of saying Ahlberg Bearings. 


yenned 


For more than four decades design engineers have found 

been that Ahlberg Bearings offer outstanding opportunities 

|. for improving design, increasing stamina, reducing 
maintenance and cutting cost. 

Of course, right now, early delivery promises on non- 

military requirements are next to impossible, but 

there’s never a shortage of sound engineering 

3 A L L 3S £ A a i i G 4 service at Ahlberg. Please feel free to ask for it 

at any time. Ahlberg ~~ “ede 


ENGINEERED AND BUILT FOR THE WORLD'S FINEST EQUIPMENT 3025 W. 47th St., Chicago 32, Illinois. 


AUTOMOTIVE...INDUSTRIAL...AIRCRAFT...MARINE... ARMAMENT 
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SHOCK and VIBRATION NEWS 


| BARRYMOUNTS FOR ASSURED CONTROL OF SHOCK AND 


SMALL AIR-DAMPED 
BARRYMOUNTS 


for Miniaturized 
Airborne Equipment 


New-series Barrymounts, designed 
to meet requirements for compact 
isolators usable with miniaturized 
equipment, provide effective shock 
and vibration isolation in small space. 


These mountings utilize air damping 
to minimize shock of aircraft landing 
and taxiing and to limit excursion so 
there is no snubber contact, even at 
resonance. 


Upright and inverted types are 
available for two-hole or four-hole 
mounting. Unit mountings are one 
inch in diameter and 1-1/32 inches 
high under maximum rated load. 
Load ratings are 0.1 to 3.0 pounds 
per mount. The mountings weigh 
only 5/16 ounce each. 


Bases using the inverted mountings 
raise the mounted equipment only 
1/2 inch, Either upright or inverted 
unit mountings can be furnished on 
bases that conform to your specifica- 
tions, load-ratings, and dimensions. 


FREE CATALOGS 


@ 502 — Air-damped Barrymounts 
for aircraft service; also mount- 
ing bases and instrument mount- 
ings. 

509 — ALL-METL Barrymounts and 
mounting bases for unusual air- 
borne applications. 

@ 605-606 — Méiniaturized air- 
damped Barrymounts for use 
with airborne equipment. 














STANDARD MOUNTINGS 
ISOLATE VIBRATION 
Available for Aircraft, 
Marine, Mobile, Instrument, 
and Industrial uses. 


Standard bases built to meet govern- 
ment specifications can be furnished 
by Barry; special bases can be sup- 
plied in sizes and load ratings to fit 
customers’ exact requirements, includ- 
ing miniaturized bases. See catalog 


502 and data sheets 605 and 606. 


—_ 


Aircraft vibration isolators designed 
to meet Army, Navy, and CAA re- 
quirements are available in 4-pound 
to 45-pound unit ratings; also minia- 
ture mounts to 0.1 Ib. See catalogs 
502 and 509 and bulletins 605-6. 


+ Instrument mountings are furnished 
for electronic components, tiny, frac- 
tional-HP motors, record changers, 
dictating machines, and other light- 
weight apparatus, See catalogs 502 
and 504. 


Eo 
Bo, ey 


Shock mountings Al mobile, railroad, 
and shipboard service also give vibra- 
tion isolation at frequencies above 
2000 ¢c.p.m.; useful for general sound 
isolation. See catalog 504. . 


Industrial mountings isolate vibration 
from fans, motor-generator sets, 
transformers, punch presses, and 
other heavy industrial equipment. 
‘ Bulletin 607 tells how to cut main- 
tenance costs with Barrymounts. 


THE BARRY corr. 


722 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 
SALES REPRESENTATIVES IN 








| with Narmco Inc. 


| Fiberglas 
| metal adhesives used in aviation an 
other industries. 





mechanical packings and powde 

metal friction material. His he 

quarters are at the company’s Mz 
heim, Pa., plant. Mr. Heinsohn wil] } 
vice president in charge of the Ge 
eral Asbestos & Rubber division g 
North Charleston, S. C. He has bee 
general manager of this plant sing 
1944. 

° 


J. C. L. Brown has been appointe 
sales manager, machinery division ¢ 
the Gardner Machine Co., Beloit, Wis 
manufacturer of disk grinders an 
abrasives. Formerly, Mr. Brown 
associated with the Landis Tool ( 
for 21 years. 


¢ 


The De Lava] Steam Turbine (, 
of Trenton, N. J., has appointed T 
A. Nilsen as district manager of 
new office recently opened in th 
Esperson Bldg., Houston, Tex. A, N 
Sarich, for several years southwest 
technical representative in Oklaho 
and Texas, will continue in that ca- 
pacity with headquarters in the new 
Houston office. 


. 


E. R. Almdale has been appointed 
manager of the Michigan district fo 
Carboloy Co. Inc., Detroit. Since 
joining the company in 1940, Mr. 
Almdale has held various engineer 
ing and sales positions. 


. 


Ampco Metal Inc., Milwaukee, 
announced the appointment of 
C. Begg as district manager of th 
newly established Buffalo sales divi 
sion. Mr. Begg was transferred from 
the company’s main office in Milw 
kee, where for the past three ye 
he has served as special sales engi 
neer for centrifugal pumps and fe 
all Ampco alloys and products. 


S 


Os 


E. E. Hardesty, well known & 
ecutive in the field of fibrous glass 
and laminates, has become associated 
of San Diego an 

manufacturer 


Costa Mesa, Calif., 
and metal-to 


laminates 


¢ 


General Electric Co. has appointet 


| Anthony F. Forni to the position ° 


GE mycalex sales development supe! 
visor for the plastics division of the 
company’s chemical department. Mr 
Forni formerly served as @ produc 
tion engineer for both the Gener 
Chemical Co. and the Firestone Ste 
Products Co. General Electric # 
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One of Several Parts of a Cata- 
ic Cracking Plant Produced for 
Petroleum Industry. 


Pressure Vessels for the Chemical 
ond Allied Industries. 


Heavy Press and Machine Frames 
Boses for the Machine Tool 
try. 


peD STEEL 


WEL 
strength 


reatet 
red - sht! 
, Less Weld ‘ 


Diesel Engine Crank Cases and 
Frames for the Marine and 
Electro-Motive Field. 


mee ) # 
TTD 
fn 
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This massive clutch and drive housing for a twenty- 
one ton tractor is another example in which Steel-Weld 
Fabrication has been employed to good advantage 
... itis typical of heavy machinery parts and assem- 
blies produced and machined by Mahon for many 
manufacturers throughout the country. If savings in 
either time or cost can be effected in your product 
through Steel-Weld Fabrication of parts, or, if you are 
cramped for manufacturing space, it will pay you to 
investigate Mahon facilities. You will find in the 
Mahon organization an unique source with complete, 
modern fabricating, machining and handling facilities 
for any type of work regardless of size or weight... 
a source where skillful designing and advanced fabri- 
cating technique are supplemented by craftsmanship 
which assures you a smoother, finer appearing job 
embodying every advantage of Steel-Weld Fabrication. 


MAHON COMPANY 
34, MICHIGAN 


THE Rg. «€. 
DETROIT 


Engineers and Fabricators of Steel in Any Form for Any Purpose 


Crank Cases, Frames, and other 
$ for Manufacturers of Marine 
team Engines of Uniflow or 
Multiple Expansion Type. 
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BRASS / / 


TRIPLE-LOK, 





“hr PLE. LOK 


the “Industry Standard” tube fitting} 


. e ° | 
is made in steel, stainless steel, | 
| 


eli utialtiimmel lich Mlelale Ml ol deli 


MADE BY THE WORLD’S LARGEST 
we iis leads mel as.) €) tele) Meall:] me iaad) ict 


@ precision-made to be leakproof under even the severest operating 


aelareibitelars 

slo] CoE ME -Tel dolgelolMm ol folate Mit] ol -Molllaiilite ll ola-ttita-t3 

3-piece design — remains leakproof after repeated reassembly 
felaaelislelelohi-t Mill | Migelale|-Meol Mts ielalelolde Mn itlol-M fell IR ialld 4a) -titet 

alo] ol-Miolololl— Muiloltalial to MigeluMiiolge liste MMoliil-lal lela Micelil olel as lold 
meets ALL industry standards for tube fittings 
iilele(-MlaMendlel-Miaelale|- Mel ME lilo] 1-1 ake lale MTP 4-1; 


STOCKED BY AUTHORIZED DISTRIBUTORS IN PRINCIPAL 
CITIES ACROSS THE COUNTRY 


THE PARKER APPLIANCE COMPANY 
17325 EUCLID AVENUE, CLEVELAND 12, OHIO 
5827 W. CENTURY BLVD., LOS ANGELES 43, CAL. 


The PARKER Appliance Company 
Cleveland 12, Ohio 


Please send me my free copy of Tube Fittings 
Catolog 203. 


Name 





TUBE FITTINGS Company 


VALVES-O-RINGS Address_ 
ee 


recently named L. B. Gezon and ( 
A. Huntsman to serve as sales may 
ager and assistant sales manage 
respectively, of the metal-clad » 
switchboard section of the switchgeg 
divisions at Philadelphia. 


° 


Formerly industrial sales manage 
A. Charles Amann has been appoint 
general sales manager of the Stan 
ford division of the Yale & Tow 
Manufacturing Co. In his new pog 
Mr. Amann will direct all sales , 
products manufactured at both th 
Stamford and Salem divisions. 


+ 


Harold Maron has joined Nielsg 
Hydraulic Equipment Inc., 298 Laf 
yette St., New York, N. Y., as sale 
engineer in charge of the area cove 
ing the New England states and part 
of New York state. 

° 


To meet the increased deman 
created by the defense program, F. 
Stokes Machine Co., Philadelphia, ha 
augmented its regular staff of s 
expediters with six additional ful 
time men, all of whom were draw 
from the sales staff. These men hay 
been taken from their normal selli 
duties in an effort to maintain dé 
livery dates in spite of longer suf 
plier deliveries. 

. 


Frederick F. Sylvester has been a 
pointed to the staff of General ( 
ramics & Steatite Corp., Keasbey, } 
J. He previously served as sales mal 
ager of the engineered products div 
sion of Air Associates Inc. 


¢ 


A Milwaukee district sales office ha 
been established by Century Electr 
Co. of St. Louis, with William Helm 4 
district sales manager and head of t 
office. Mr. Helm brings to Milwauk 
ten years of sales and application e 
perience gained in the company 
Atlanta and St. Louis offices 


¢ 


Robert G. Leary has been elect 
vice president and general sales mé 
ager of the Rigidized Metals Cor 
Buffalo. He was general sales mé 
ager for Eastern Stainless Steel Co 
Baltimore, before joining Rigidiz 
Metals in 1950. 


7 


Four new appointments have bee 
made by Spring Packing Co'?P., Ch 
cago. John B. Welch has been ma 
assistant vice president; W. Huntle 
McPhee, assistant vice president; all 
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Designers and production men, unfamiliar with 
magnesium, are usually surprised at the draw- 
ability of the material. While it isn’t quite so 
easy to draw as pictured above, the practice of 
hot forming magnesium does permit deforma- 
tions seldom possible in any other metal. 


Generally speaking, magnesium alloys can be 
hot drawn in one operation to a depth equal to 
80% reduction in blank size. This often elimi- 
nates the need for multiple stage dies, speeds 
up the operation, and reduces processing costs 


Magnesium Division , Dept. MG-131 


even though preheating of the sheet and dies is 
required. Since hot forming is used, spring-back 
problems are greatly reduced. 


Almost any press found in the ordinary press 
shop can be used to draw magnesium, although 
hydraulic presses are preferred when the draw 
is severe and controlled speeds are required. 
Dies are similar to those used on other metals. 


For additional information on drawing or 
forming magnesium, call your nearest Dow sales 
office or write direct. 














THE DOW CHEMICAL COMPANY 
MIDLAND MICHIGAN 
New York e Boston e Philadelphia « Washington « Atlanta e« Cleveland « Detroit 


Chicago « St.Louis « Houston « Sanfrancisco ¢ Los Angeles 
Dow Chemical of Canada, Limited, Toronto, Canada 


e Seattle 












Fast, Efficient, Low-Cost 


WHITEPRINTERS 
for Plant, Lab, Office 





SPEE-DEE 
Saves up to 80% of Commercial 
Blue Print Costs! 


@ Quickly make accurate black-on- 
white or blue-on-white prints up to 
24” x 36” from translucent originals, 
at less than 2c per sq. ft. Just plug 
into 115 volt a.c. line. Makes photo- 
copies too. Uses diazo (moist or am- 
monia dry) process. $155.81 includes 
initial supply of paper and develop- 
ing powder. Printer only, $149.81. 
Shipping weight, 85 Ibs. Smaller 
models from $55.12. Order the Spee- 
Dee on 10-days free trial or write 
for full facts. 


MODEL “"'D” VERSA-LINER 
Volume Production—Prints when Needed 


@ Economically prints and develops 
black line and colored line white- 
prints. Uses dry ammonia-fume di- 
azo method. Plugs into standard 115 
V 60 cycle a.c. line, using 19 amps. 
Easy to install and operate. Handles 
cut sheets or roll stock up to 42” 
wide in any length. Variable speed 
up to 5 ft. per min. New light source 
—low replacement cost. Easy to 
clean. Minimum maintenance. Com- 
plete, $1295. Moist diazo-type model 
at $1095. Get full facts now. 


PECK & HARVEY 


5747 N. WESTERN AVE., CHICAGO 45 


Manvfacturers of Whiteprint, Blueprint 
and Photocopy Equipment 

















Carl A. Schroeder and Lee C. Van 
Hooser, regional managers in New 
York and Los Angeles, respectively. 
The main activities of these men will 
be directed toward the distribution and 
handling of the company’s line of 
Chrome Lock impregnated felt gas- 
keting tapes. 


° 


A sales engineer in the factory of- 
fice of Esterline-Angus Co. Inc. for 
several years, Robert F. Lamb has 
been appointed sales and service engi- 
neer for Esterline-Angus recording 
instruments and their associated prod- 
ucts in western New York. 


¢ 


James S. Anderson, assistant gen- 
eral sales manager of the Babcock & 
Wilcox Tube Co., Beaver Falls, Pa., 
has assumed the duties of chief of 
the newly created Tubing Section of 
the Iron & Stee] Division of the In- 
dustries Operations Bureau of the Na- 
tional Production Authority. He came 
to Babcock & Wilcox in 1941 and 
since 1948 has been assistant general 
sales manager. 


Kennametal Inc., Latrobe, Pa., has 
appointed Gordon Kimball as applica- 
tion engineer in the company’s dis- 
trict office at 1537 Main St., Spring- 
field, Mass., and F. O. Hill as applica- 
tion engineer at the Cleveland dis- 
trict office, 2443 Prospect Ave. 


. 


F. R. Dickerson has been appointed 


to the position of general manager of | 


the pump division of the Geo. D. 


Roper Corp., Rockford, Ill. Mr. Dick- | 
erson joined the company in 1936 as | 


a sales engineer and in 1948 was 


made sales manager, the position he | 


held until his new appointment. 


¢ 


Promotion of two executives at the 
National Malleable and Steel Cast- | 
ings Co. Indianapolis plant was an- | 
nounced recently. Mark M. Miller was 
appointed sales manager, and John | 
H. Murphy was made assistant sales 
manager. 


Karl W. Osterstrom, a specialist | 
in the design and development of air- | 
operated hydraulic pumps, has been | 
appointed manager of the new pump | 
division recently opened by the Binks | 


Manufacturing Co. of Chicago. Mr. 
Osterstrom will be in charge of sales, 


engineering and development for the | 


new division. 
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Save time and money 


! 
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assure your 
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ing on Boston Gear quaiity pr 
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Boston Gear 
near you! 





A, GIA 
pe oer Tull weg & Sup. Co, 
sALrimont, “MARYLAND 
7 Tey Sup. Co 


Howley Hordware Co. 
1120 Main St. 
a NEW YORK 


Sisson Sent. 

BUFFALO, NEW YORK 

Root, Neal & Co. 

64 Peabody St. 

CHARLOTTE, NGRTM CAROLINA 
Matthews-Morse Sales Co. 

301 East 7th St. 

CHATTANOOGA, TENNESSEE 
Volunteer Bearing & Transmission Co., inc. 
2000 South Brood St. 

CHICAGO, ow 


Boston Geor 

955 Ww. woshegton 8 
Chgo. Pulley & Sheting Co 
23 N. Desplaines St. 

Somvei 


Horris & Co. 
114-116 N. Clinton St. 
Power Trans. Equip. Co. 
1245 W. Fulton St. 

Oni 
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Boston Geor Works 

211 Se. Ciole Ave., nN. W, 
Sup. 


be s 
1041 So. Patterson Bivd. 
aes COLORADO 
estern Belting & Packing Co. 
172028 28 Wozee St. 


Mackay Industria! Soles Co. 

704 Jefferson, S. E. 

GREENSBORO, =e CAROLINA 
ies, 


|-Coventry, 
1024 Oxford %, 
LONG ISLAND ery, NEW YORK 
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LOUISVILLE, KENTUCKY 
Industrial Equip. Co. 
1377 South 7th St. 
MEMPHIS, TENNESSES 
Lewis Sup. Co. 
Main at Butler Sts. 
MIAMI, FLORIDA 

3s 


Gondo 5 

2140-50 N. Miami Ave. 
MILWAUKEE, WISCONSIN 
Western iron es Co. 
319-331 East Clybourn St, 
Wisconsin Bearing Co. 
915-917 N. Market St. 
MINNEAPOLIS, MINNESOTA 
R. C. Duncan Co., 1300 4th SS 


industrial Supply Co. 
1100-08 3rd Ave. S. 


Frank Tracy, inc., 202 
OAKLAND, CALIFORNIA 
C. W. Marwedel 

11th & Alice Sts. 

serene ost ed Rte 


Boston 
Broad St. Cor. “a "enna lm 
Lindsay, Oberholzer & 

4432 Ridge Ave. 


Moddock 
42 WN. Sixth St. 
PITTSBURGH, PENNSTLYANA 
Somers, Fitler & Todd Co. 
313-327 Water Street 


PROVIDENCE, RHODE ISLAND 
Machine Ports Corp. 
271 Washington St. 


Boston 

14 Hayword St. 

RICHMOND, VIRGINIA 

industrial Sup. Co. 

1 Sth & Franklin Sts. 

ROCHESTER, NEW TORK 

John M. Forster Co. 

110 Mill St. 

=. LOUIS, MISSOURI 
‘olcord-Wright Mchy. & Sup. Ce 

ta. 1229 N. Broedwoy 

SAN FRANCISCO, CALIFORNA 

Geor Works 

123 10th St. 

Cc. W. Marwedel 

1235 Mission St 

eine WASHINGTON 
gin & Co . 

oo2 First Ave 

SPRINGFIELD, MASSACHUSET 

Boston Geor Works 

19 Worthington St 

SYRACUSE, NEW YORK 

Syracuse Sup. Co. 

314 W. Fayette St. 


902 Twiggs St 

TOLEDO, OHIO 

Ohio Belting & Troms. Con 

406 Orange S 

TORONTO, “ONTARIO 
Coventry, Utd. 

50 Edward St. 

TRENTON, NEW waa 

Wiley-Hughes Sup- 

801 New York Ave. 


VANCOUVER, B.C. 
y, td. 


—— mour oe 
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WILKES-BARRE, PENNST!' 
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DON'T LET Yourse/f IN FOR LOSSES LIKE THESE 





*LOOK WHAT BOSTON 20° PRESSURE STANDARDIZE ON 
ANGLE GEARS SAVE YOU! STOCK BOSTON GEARS 
7 Specify Boston 20° Pressure Angle i DESIGN THEM INTO 


Gears instead of the ordinary 


14%4° P.A. gears of identical | YOUR EQUIPMENT 


horsepower rating and save: 
ALWAYS SPECIFY THEM 


21.2% & Gost FOR REPLACEMENTS —_eet Scien 
23.4% in WEIGHT “eg 


16.9% in SPACE BOSTON .u. stocks are Ve ars 


Ask your nearby Boston Gear Distributor for 
Boston 20° Pressure Angle Gears. 


ie ze °F § 








(see adjacent list of Authorized Boston Gear Distributors) 








BOSTON GEAR WORKS ¢ 


64 HAYWARD ST., QUINCY 71, MASS. 


S855 Xaeta ss 


Couplings =‘ Univernal Joints 
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Special equipment and volume pro- 
duction enable us to save for you on a 
wide variety of precision parts made 
to order, 

Typical are’ mandrels or spindles 
for mounted grinding wheels, abra- 
sive points, felt wheels. Shank diam- 
eters to .500”, close tolerances, cen- 
terless ground if desired. Chuck ends 
rounded, no burrs. Sharp, clear uni- 
form knurls. Concentric tapers. Man- 
drels accurately hand-straightened. 

We are also set up to make for you 
such parts as special rollers, studs, 
dowel pins, screw driver and ice pick 
blades, surgical and dental instru- 
ments, pen and pencil barrels, instru- 
ment shafts and pivots, special nee- 
dles, etc. 

Send your prints and specifications 
today for a prompt quotation. 


THE TORRINGTON COMPANY 
Specialty Department 
553 Field Street * Torrington, Conn. 


Makers of 


TORRI NEED/£ BEARINGS 
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ALES of all products of The Poly- 

mer Corp., Reading, Pa., have been 
turned over to a separate company, 
The Polymer Corp. of Pennsylvania. 
This change was made necessary be- 
cause of confusion with a Canadian 
concern of the same name. The Poly- 
mer Corp. will now restrict its ac- 
tivities to production, research and 
development. The Polymer Corp. of 
Pennsylvania will sell the manufac- 
turing company’s Nylon, Teflon and 
Kel-F rod, strip and tubing, as well 
as all fabricated products, under the 
brand name of Polypenco. 


¢ 


The Aro Equipment Corp., Bryan, 
O., has announced the appointment 
of Bruns & Collins Inc., Chicago, as 
direct factory distributor covering 
lubrication equipment in the north- 
ern Illinois territory. 


° 


Producer of high alloy static and 
centrifugal castings, the Duraloy Co., 
Scottsdale, Pa., has announced the 
opening of a Detroit sales office which 
will function as a direct sales branch. 
It is under the management of W. 
D. Hazelton and is located at 805 
New Center Bldg. 


¢ 


To assist industry in meeting rigid 
metal finish specifications economi- 
cally, the Industrial Products Division 
of the Elgin National Watch Co., El- 
gin, Ill., has announced the avail- 
ability of field trained representatives 
for detailed study of specific fine 
finishing problems. Backed by the 
research and findings of the Elgin 
Laboratories, they will assist without 
obligation in the development of 
methods and techniques for maximum 
finishing efficiency. 

° 


Glass Fibers Inc. has moved to a 
new location at 1810 Madison Ave., 
Toledo 2, O. 

> 


Merger of two wholly owned Cum- 
mins sales and service organizations 
with Cummins Diesel Sales Corp. and 
the appointment of a general man- 
ager has been announced by Cum- 
mins Engine Co. Inc., Columbus, Ind. 
William B. Lawrence, formerly Cum- 
mins Engine Co. regional manager 
for the Rocky Mountain region with 


TS THREAD STRIPPINg 
YOUR PROBLEM? 


TAP-LOK 
INSERTS 


for 
stronger-- 
durable 
threads 


he Tap-Lok Insert greatly 

increases the strength of 
tapped threads in aluminum, 
plastics, wood and other ma- 
terials of relatively low shear- 
ing strength. By enlarging the 
shear area it provides a firm 
anchorage for threaded fas- 
tenings of various types. 


Installation is easy and rapid. 
A simple driving tool turns 
the insert into a cored of 
drilled hole equal in size toa 
tap drill hole for the external 
thread of the insert. It taps 
its own thread with the cut- 
ting edges of its slotted seg: 
ments. The insert remains 
rigidly in place because the 
torque to dislodge it is greater 
than the torque a standard 
machine screw can withstand. 


= The Tap-Lok Insert 


eliminates the un- 
U.S. Patent 2,455,885 
ae? ov- ly 


certainties, losses 

and weaknesses of 
Send for samples and ey 
descriptive folder. 


molded-in and cast: 
. 


in inserts —im- 

proves the product 
at lower costs. 

Also manvfacturers of 

Groov-Pins—for positive ; ( y 

locking press fit. Y A 


, 
oe > 
> 


GROOV-PIK 


CORPORATION 


2013 Kerrigan Avenve 
Union City, N. J. 
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peadquarters in Denver, Colo., has 
ben named general manager of the 
sales corporation, which has head- 
| quarters at Columbus. Subsidiaries 
’ affected by the merger are Cummins 
Diesel Sales Corp. of Illinois at Chi- 
cago and Cummins Diesel Sales and 
gervice of New York Inc., at New 
York City. These two organizations 
are now identified with Cummins 
Diesel Sales Corp., which also in- 
dudes Cummins dealerships with op- 
gating headquarters at St. Paul, 
Omaha, Neb., Indianapolis, and 
Memphis, Tenn. 











¢ 


Ehret and Kinsey, Chicago sales 
representative of the Cleveland Worm 
and Gear Co. and The Farval Corp., 
has moved to new and larger quar- 
ters in the Board of Trade Bldg., 141 
West Jackson Blvd. 


¢ 


The appointment of the J. M. Grim- 
stal Co. as sales and service repre- 
sentative for the Minnesota and 
northwestern Wisconsin area was an- 
nounced recently by Greer Hydraulics 
Inc. Robert Hazelrigg, with head- 
quarters at the Minneapolis office, 
2509 30th Ave. South, will be in 
eatly charge of sales and service of Greer 
th of @ hydraulic accumulators, filters, valves 
num, Mand other hydraulic system compo- 


Ano nents for industrial application. 

ig the a 

| firm 

| fas- Frank Tracy Inc., 202 Centre St., 
s. New York, N. Y., has been named a 


apid. @ dealer for Allis-Chalmers motors in 
turns @ Westchester, New York, Kings, 
d of @ Queens, Nassau, Suffolk and Rich- 
ernal mond counties in New York State. 


taps ‘ 


| Seg: Raytheon Manufacturing Co. of 
. the @ altham, Mass., has announced the 
eater m “@sfer of its New York and inter- 
dard # National sales offices to 19 Rector 
tand. St, New York 6, N. Y. This new lo- 
nsertt @ tion offers advantages contributing 
un #0 the maintenance of prompt and 
osses Hi efficient service to dealers and cus- 
tomers both abroad and in the New 
im- (@ \°tk sales district, which covers New 
duct J York, lower Connecticut, New Jer- 
sey, Delaware, Pensylvania, Virginia, 
es of Columbia and North Caro- 
ina, 






+ 





The Gisholt Machine Co. has an- 

nounced the establishment of a new 

cing school. This school is being 

Conducted at the factory in Madison, 

Instruction is in the form of 

m lectures, discussion periods, 

and practical applications of balanc- 

ing. The course of study covers basic 

uiamentals of balancing at both 
“op and engineering levels. 
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BALL BUSHING 


The BALL BEARING for your 


LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. 
Thousands of progressive engineers have solved this 
problem by application of the Precision Series A BALL 
BUSHINGS. 

And now hundreds of original equipment manufac- 

turers use the low cost Commercial Series B BALL BUSH- 
INGS which were developed for support of linear motions 
in competitively priced, volume manufactured products 
where super precision is not essential. 
Alert designers can now make tremendous improve- 
ments in their products by using BALL BUSHINGS on guide 
rods, reciprocating shafts, push-pull actions, or for sup- 
port of any mechanism that is moved or shifted in a 
straight line. 

Improve your product. Up-date your design and engi- 
neering with BALL BUSHINGS! 


LOW FRICTION ° LONG LIFE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LASTING ALIGNMENT - LOW MAINTENANCE 
| Now manufactured for 1/4", 1/2”, 
| 3/4”, 1” and 11/2” shaft diameters. 


Write for descriptive literature and the name of our representative in your city 


THOMSON INDUSTRIES, inc. 


MANHASSET, NEW YORK ——————— 








PROGRESSIVE MANUFACTURERS USE BALL BUSHINGS — 
A MAJOR IMPROVEMENT AT A MINOR COST 



















No, 1491-CS-3 
Ya" 3-Way Solenoid 
Operated Air Valve 


SOLENOID OPERATED Aix Valves 


fast, positive, dependable operation 


@ These valves are widely used for controlling single action air 
cylinders, clutches, etc. Can be operated with a variety of power 
switches, mercoid switches or automatic contact switches activated by 
moving objects. Stainless steel push-pull rods, brass sleeves and U- 
packings expanded by pressure and all enclosed against dirt, assure 
long, efficient, trouble-free operation. No metal to metal seating. 
Precision made. Individually tested. Spring or double solenoid return. 
¥%"’ to 14%"' sizes: 2-way, 3-way and 4-way actions. Write for full details. 


@ Quick-As-Wink 


“Control Valves” 


Hand, Foot, Cam, Pilot, Diaphragm and Solenoid Operated 
Mfd. by C. B. HUNT & SON, INC., 1949 East Pershing St., Salem, Ohio 








Rynel 


fractional 
h. p. 


Certified — BLANK TO FINISHED GEAR 


Rynel Certified Gears are made exactly to your specifications. 
Accuracy, tooth form and finish are controlled from the start, 
using accurately formed blanks from our own blanking department. 
Experienced gear men cut them on the latest precision equipment. 
Finished quality is checked by skilled gear inspectors. @ That's 
why designers, engineers and product development men recognize 
Rynel Certified Gears for quality and dependability. 

SPUR @ HELICAL @ WORM @ WORM GEAR @ INTERNAL @ SEGMENT 
SPROCKET @ RATCHET @ STRAIGHT-TOOTH BEVEL GEARS 


Send For Our Latest Bulletin 


Rynel CorLoratiou 


301 MILLER ST., STERLING, ILLINOIS 


| 
| 
| 
| 
| 


AND EXPOSITIONS 


June 15-30— 

Seattle International Japanese Trade 
Fair to be held in the Edmundson 
Pavilion, Seattle, Wash. Additional 
information may be obtained from 
John M, Haydon, Promotion Commit- 
tee, c/o Port of Seattle, P. O. Box 
1878, Seattle 11, Wash. 


June 18-20— 

American Society of Agricultural 
Engineers. Annual meeting to be held 
at the Rice Hotel, Houston, Texas. 
Raymond Olney, P.O. Box 229, St. 
Joseph, Mich., is secretary. 


June 18-22— 

American Society for Testing Ma- 
terials. Annual meeting to be held 
at the Chalfonte-Haddon Hall, At- 
lantic City, N. J. Additional informa- 
tion may be obtained from society 
headquarters, 1916 Race St., Phila- 
delphia 3, Pa. 


June 22-23— 

American Society of Mechanical 
Engineers. Applied Mechanics West 
Coast National Conference to be held 
at Stanford University, Stanford, 
Calif. C. E. Davies, 29 West 39th 
St., New York 18, N. Y., is secretary 


June 25-29— 

American Society for Engineering 
Education. Annual meeting to be 
held at Michigan State College, East 
Lansing, Mich. Arthur B. Bronwell 
Northwestern University, Evanston, 
Ill. is secretary. 


June 25-29— 

American Institute of Electrical 
Engineers. Summer general meeting 
to be held at the Royal York Hotel 
Toronto, Ontario, Canada. H. # 
Henline, 33 West 39th St., New York 
18, N. Y., is secretary. 


June 25-29— 

American Society of Mechanica! 
Engineers. Oil and Gas Power Divi- 
sion Conference to be held at tht 
Baker Hotel, Dallas, Texas. ©. B 
Davies, 29 West 39th St., New York 
18, N. Y., is secretary. 


June 27-238— 

Institute of the Aeronautical 5% 
ences. Annual Spring meeting to 
held at the Western Headquarte® 
Bldg., 7660 Beverly Blvd., Los Ans® 
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les, Calif. Additional information may 
be obtained from Robert R. Dexter, 
secretary, 2 East 64th St., New York 
21, N. Y. 


july 30-Aug. 2— 

American Electroplaters’ Society. 
38th annual meeting to be held at the 
Statler Hotel, Buffalo, N. Y. Addi- 
tional information is obtainable from 
American Electroplaters’ Society, 473 
York Rd., Jenkintown, Pa. 


Aug. 13-15— 

Society of Automotive Engineers. 
West Coast meeting to be held at 
the Olympic Hotel, Seattle, Wash. 
John A. C. Warner, 29 West 39th St., 
New York 18, N. Y., is secretary and 
general manager. 


Aug. 30-Sept. 13— 

The British Engineers Association. 
Engineering, Marine and Welding Ex- 
hibition to be held in Olympia, Lon- 
don, England. Additional information 
may be obtained from J. V. Topham, 
secretary, 32 Victoria St., London, 
§. W. 1., England. 


Sept. 3-7— 

Institute of the Aeronautical Sci- 
ences — Royal Aeronautical Society. 
Third Internationa] Aeronautical Con- 


ference to be held at Brighton, Sussex, - 


England. Additional information may 
be obtained from Robert R. Dexter, 
secretary, 2 East 64th St., New York 
21, N. Y. 


Sept. 10-183— 

Society of Automotive Engineers. 
Tractor and production forum to be 
held at the Biltmore Hotel, Los An- 
geles, Calif. John A. C. Warner, 29 
West 39th St., New York 18, N. Y., 
is secretary and general manager. 


Sept. 10-14— 

Instrument Society of America. 
Sixth National Instrument Conference 
and Exhibit to be held in the Sam 
Houston Coliseum, Houston, Texas. 
Additional information may be ob- 
tained from society headquarters, 921 
Ridge Ave., Pittsburgh 12, Pa. 


Sept. 24-26 

American Society of Mechanical 
Enginners, Petroleum mechanical en- 
gineering conference to be held at 
Hotel Mayo, Tulsa, Okla. C. E. 
Davies, 29 West 39th St., New York, 
N. Y,, is secretary. 


Sept. 25-23 
American Society of Mechanical 
cers. Fall meeting to be held at 
Hotel Radisson, Minneapolis, Minn. 
©. E. Davies, 29 West 39th St., New 
York, N. Y., is secretary. 
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No. HH-551-N4 — 34" 4-Way 
Neutral Position Hydraulic Valve 


LEVER OPERATED Hydraulic Valve 


For water or oil hydraulic systems to 5000 p. s..i. 


@ Unsurpassed for efficient trouble-free service controlling double 
acting hydraulic cylinders and other important high pressure 
hydraulic circuits. Positive, fast acting. All parts are in pressure 
balance, eliminating any tendency to creep or crawl. Machined steel 
housing, chrome plated and polished stainless steel plungers. Self 
sealing U-packers. Metal valving rings take the impingement of the 
liquid, preventing wear on the packings. 14" to 114” sizes. Available 
also in pilot operated designs up to 4’. Write for full details. 
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AIR AND HYDRAULIC 
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Control Valves” 


Hand, Foot, Cam, Pilot, Diaphragm and Solenoid Operated 
B. HUNT & SON, INC., 1942 East Pershing St., Salem, Ohio 
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GET YOUR Cory NOWS 


—of ‘“‘Standard’s’” UNBRAKO Standards. 


Write on your business letterhead, today. 


cor QED = 


"Standard" recommends Standards 


STANDARD PRESSED STEEL CO. 
JENKINTOWN 18, PENNSYLVANIA 
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Typical of the equipment de- 

signed and built for the metal 

working and metal finishing in- 

dustries by the W. S. Rockwell 
Company of Fairfield, Connecticut is the Rockwell 
Brush Box, used in connection with a continuous strip 
anneal and pickle line to produce a clean, bright finish 
on brass strip. Into this machine Rockwell engineers 
have built four power-driven Fullergript brushes. The 
brush material is stainless steel wire anchored in a 
stainless steel backing strip to withstand the corrosive 
effect of the pickling or cleaning solution. The brush 
assemblies are mounted on cone type stainless steel 
self-centering couples for quick and easy removal of 
the brushes. The same set-up can be used for dry 
brushing metals that have a very light film of dirt or 
very light oxide not requiring a pickle. 


Fullergript power brushes offer similar production 
economies in a wide variety of industries. It will pay 
you to investigate the possibilities of Fullergript for 
your own plant. Simply write to: 


THE FULLER BRUSH COMPANY 


Business Equipment 


ACCOUNTING MACHINE: For posting 
accounts receivable with original 
Statement and original ledger. 
Sundstrand Composite model C-AR 
accounting machine available in 
single or double keyboard models, 
Double keyboard model particularly 
designed for accounts receivable 
applications where original ledgers 





are required and where date, folio 
and amount must appear on state- 
ment and ledger. Other model for 
use where no folio is required or 
where folio is printed on only one 
form. Underwood Corp., New York, 
 F. 


ELECTRONIC ANALOG COMPUTER: Low- 
cost Integro-Differential Analyzer 
requires same space as 4-drawer 
filing cabinet. For qualitative and 
quantitative studies in mathemat- 
ics, chemistry, mechanical engi- 
neering, aero-dynamics, network 
analysis, etc. Useful in design 
work to eliminate experimental 
prototypes. Problems worked on 
real or modified time base, with 
solutions recorded graphically on 
2-0: 1 oscillograph. Computer 

py. of America, New York, N. Y. 


ULATING MACHINE: For compult- 
‘g payrolls, inventory, interest, 
.der extension, percentages, and 
other statistical calculations. With 
automatic printed multiplication, 
division, addition and subtraction. 
Machine features automatic credit 
balance, two-color printing, auto 
matic multiplier count, automatic 
division, decimal indication and 
printing, single depression key and 
automatic totals. Underwood Corp. 
New York, N. Y. 


Domestic 
| 
| ESLECTRIC HEATERS: Floor mode! unils 


in 2, 3 and 4-kw ratings. Heat by 
continuous circulation of warm aif 
and by radiation; operate! from 
220-v polarized outlets. Temper 
ture regulated automatically bY 
built-in thermostat. Nickel-chromr 
um heating elements supported bY 
ceramic columns. Westin ghows 
Electric Corp., Sunnyvale, Calif. 


Heating and Ventilating 


CRANE CAB COOLER: Split type ual 
for year-round ventilation; filter 
air to remove dust, dirt and fumes 


INDUSTRIAL DIVISION, 3647 MAIN ST., HARTFORD 2, CONN, | cools air in summer, heats air dur 
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PERMITE 3 
LUMINUM INDUSTRIES, INC. 


CINCINNATI 25, OHIO 


Why not write us 
about your castings 
requirements 
and get our 
recommendations 
and quotations? 


. 


A change from heavy metal to lightweight Permite 
Aluminum Castings can bring you these definite cost 
cutting savings: 


Be 


Save on Cost of Handling 


Permite Aluminum Castings are approximately 60% lighter 

than cast iron and 65% lighter than steel, brass and bronze. 

They’re lighter to handle, lighter to assemble, lighter to ship 

> a finished product. So you cut handling costs all along 
e line! 


Save on Cost of Finishing 


The consistent uniformity of Permite Aluminum Castings 
within close tolerances makes only a minimum of machining 
mecessary. Higher machine speeds and deeper cuts are 
practical with Permite Aluminum Castings, with only slight 
changes in tool contours. Time spent per unit in shaper, drill 
press or milling machine is appreciably less! And aluminum 
stays bright without painting or expensive plated coatings. 


Longer Service, Fewer Replacements 
Mean Long-Range Savings 


High tensile strength; resistance to corrosion; rapid heat 
transfer; and special to-fit-the-job designing by Permite 
engineers enable Permite Castings to give longer, better 
service! You save three ways with Permite and get better 
appearance, a better product, 


2 
ALUMINUM PERMANENT MOLD, SAND and DIE CASTINGS...HARDENED, GROUND ond FORGED STEEL PARTS 
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ing winter. Will maintain 80 to § 


ne nae eaten aan ah tananamasitisiiinss SRE | 


4 


F when outside ambient tempera. 

ture is 175 F; maintains 68 to 7 

EE a” F temperature when ambient j; 

~ ZaSS Ss. wears zero. Requires no duct work; cog. 
ing section installed in cab, cop. 

denser section placed outside cab 

on crane. Dravo Corp., Pittsburgh, 


Applied in d in Biophysica Research Rece Recorder 


The Sanborn Company of Cambridge, Dust COLLECTOR: For use where re. 
Mass., manufacturer of the Poly-Viso Car- mote dust sources have toxic fumes 
diette for biophysical research, is another vapors or obnoxious odors. Requires 
of the many users of “Mass. Gears.” This only 12 by 23-in. floor space; de. 
— —— calls for the application velops rated 437 cfm at 5000 fm 
of gears of extreme precision, a require- . . s 
ment which is inherent in “Mass. Gear” velocity at inlet. Suction adequate 
production. to handle buffing, polishing or 
grinding wheel up to 10-in. diame- 
ter, or two smaller wheels from 
3 to 7-in. diameter. Powered by 
%-hp, 3600-rpm motor driving 
self-clearing paddle-wheel type fan. 
Solids removed in cyclone separa- 
tor. Aget-Detroit Co., Ann Arbor, 
Mich. 


CEILING VENTILATOR: For kitchens 
and other small rooms up to 1000 
cu ft. Features interchangeable 
horizontal and vertical discharge. 

Develops 300 cfm using 1/30-hp 

cen te tene, “nade: thmmbente Gar h af, i motor turning twin 6-in. squirrel: 

Toot Co., Woburn, Mass. a st a cage “blower wheels at 1450 rpm. 

| Slow speed gives quiet operation; 








ee - SOIT me — 
oe ere POT THLE 


motor isolated from air stream 


Discharge takes standard 3% by 
saigeigsies Gear & Tool Go. rad. 10-in. furnace duct. Dimensions, 





7% by 8% by 14 in. Trade-Wind 
Motorfans Inc., Los Angeles, Calif. 
AIR CONDITIONER: Ejight-ton model 

Four Single-Cylinder SU-81 designed for homes, factor- 
ies, offices, etc. All-year-round air 

ee ' fy C o te % x oe conditioning provided by addition 
of steam or hot water coils and 

e outside air duct for ventilation sup- 
tir - Cooled E & G | * E S$ ply. Packaged units include Freon- 


12 compressor, condenser, direct- 


Offering More POWER expansion coil, and centrifugal fan. 
Requires only water, drain and elec- 


ADVANTAGE, 6 to 9 hp. trical connections. Westinghouse 


Electric Corp., Pittsburgh, Pa. 


This series of single-cylinder models have all of 
the traditional Wisconsin heavy-duty features BLOWER-COOLER: Capacity, 3500 cfm. 
. , For cooling offices, homes or com- 
such as self-cleaning tapered roller bearings at mercial buildings. Moving parts al 
both ends of the crankshaft, rotary-type, high tension OUTSIDE magneto insulated by rubber mounts. Pat: 
operating as an independent unit, and maximum torque at all usable speeds. ented water regulator assures equal 
CONDENSED SPECIFICATIONS delivery of water to each pad me 
regardless of position of cooler. 
= = = = om Powered by 14-hp, heavy-duty mo 
Bere - - - = © «© «© «. inches 3 3% 3/2 3% tor. Unit can be installed in wil- 
Stroke - - - - - - + inches 3% 4 4 4 dows or attached to ducts; 4-way 
Disp. cubic inches - : - B 33.2 38.5 41.3 directional grille available. Palmer 


H. P. and R.P.M. range - - + + -+- + 39at 6.0 at 7.2 at 7.7 at Manufacturing Corp., Phoen' +, Ariz. 
1600 1600 1600 1600 


6.1 at 7.2 at 8.4 at 9.2 at Heat Treating Equipment 


“is “180 “180 “Te0 , i ntrolled- 
Net weight in Ibs., Standard Engine - -_ - 130 180 180 180 HEAT TREATER: Automatic con c- 
atmosphere unit for bright produ 


Our engineering department will gladly cooperate with you in adapting Wisconsin Engines to your aye 
requirements. Write for detailed data and name of the nearest Wisconsin distributor. tion heat treating up to 60' Ln 
hr. Especially designed fo brig 


2 
carburizing and bright carbo mnitrid- 


MOST TT 
a Gr WISCONSIN MOTOR CORPORATION ing. Consists of two independently 











| p 
> Vorid ye Cooled Engines controlled heating zones sealed to 
f MILWAUKEE 46 Ww YNSIN combination cooling chamber- 
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@ Up to 2 or 3 feet per second or 
30,000 to 50,000 feet per 8-hour day, 
with one operator—is the production 
of Yoder resistance-weld tube mills. 


Since the introduction of these mills 
only 12 years ago, the manufacture 
of high quality tubing has become 
so economical that it has virtually 
created a new industry —tubular 
metal furniture—and profoundly 
influenced product design in many 
other industries. 


As a result, the demand has increased 
faster than the supply, so that Yoder 
pipe and tube mills today, more than 
ever, offer attractive investment 
possibilities. 

Many manufacturers find it profitable 
to make tubing for their own use, 
others for resale. 


Send for 68-page book, a practical 
treatise on pipe and tube making, 
answering many pertinent questions 
on tube mill operation, production, 
cost, etc. 


THE YODER COMPANY 
5524 Walworth e Cleveland, Ohio 


COLD FORMING 


| 


SLITTING AND 


TUBE MILL MACHINERY 
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quench tank. Work automatically 
loaded, transferred and quenched. 
Furnace is gas or electric; cooling 
chamber is water-jacketed, with 
automatic temperature control. Ip- 
sen Industries Inc., Rockford, Ill. 


INDUCTION FORGE HEATER: For auto- 


matically heating range of billet 
sizes and shapes to preselected 
hardness patterns. Machines have 
hardness range of 50 to 1500 kw. 
Billet sizes handled, 1 to 4 in. round 
or square, heated to 2250 F at max 
rate of 7500 to 8500 lb per hr. Ma- 
chines have space for 8 heating 
stations with 30 interchangeable 
heating units for various size bars. 
Each station has complete heating 
equipment and controls. Ajax Elec- 
trothermic Corp., Trenton, N. J. 


RADIO-FREQUENCY GENERATOR: For di- 


electric heating of nonmetallic ma- 
terials such as_ textiles, rubber, 
wood, food, etc. Adaptable to batch 
or continuous production methods 
delivering rated 20 kw at 100 per 
cent duty cycle. Built-in load coup- 
ling and tuning elements permit 
max transfer of power into wide 
range of loads by front panel con- 
trol. Westinghouse Electric Corp., 
Pittsburgh, Pa. 


INDUCTION HEATER: Electronic type 


20-kw model with nonventilated, 
dustproof, NEMA Type 12 enclos- 
ure. For high-speed annealing, braz- 
ing, hardening and soldering. De- 
signed so that only control and ac- 
cessories required for particular 
heating application need be pur- 
chased to change to different setup. 
Available in two models, with and 
without variable power adjustment. 
Operate on 230, 460 or 550-v, 3- 
phase, 60-cycle power supply. Gen- 
eral Electric Co., Schenectady, N. Y. 


Manufacturing 


MILLING MACHINE: Production ma- 


chine designed to use motors up to 
2 hp. Spindle accommodates No. 
40 American Standard arbors. 
Hand feed lever standard, screw 
feed and automatic feeds available. 
Specifications: table size, 6 by 20 
in.; working surface, 4 by 16 in.; 
longitudinal feed with hand lever 
or screw, 12 in., with automatic 
feed, 8 in.; vertical range of head, 
5 in.; max cutter diam, 7 in. Nolan 
Machinery Co., Rome, N. Y. 


CENTERLESS GRINDER: Max capacity, 


1%-in. stock diameter. Regulating 
wheel has infinitely variable speed 
from 35 to 350 rpm; micrometer 
dial for setting regulating wheel 
graduated in 0.0001-in. Both wheels 
contour dressed from single tem- 
plate. Specifications: grinding 
wheel, 14-in. diam by 7-in. face; 
regulating wheel, 7-in. diam by 4- 




















REPRESENTATION IN PRINCIPAL CITIES 
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Servicing... Aid Selling! 


Handy Guide (6051) gives condensed 
V-belt and sheave information. Ask 
your Allis-Chalmers Authorized Dealer 
or Sales Office for either of these book- 
lets, or write Allis-Chalmers, Milwau- 
kee 1, Wisconsin. 


C= THESE THREE big advantages 
of using Magic-Grip sheaves on 
your machines: 


They're faster, easier to put on 
than any other sheave made. 
Magic-Grip sheaves save labor 
cost to original equipment manu- 
facturer. And users save every 
time they mount or demount the 
Magic-Grip sheave. 


Eliminate damage to bearings 
and shafts encountered when 
hammering or prying ordinary 
sheaves on or off. Magic-Grip 
sheaves go on and off fast and easy. 


3 Biggest name in sheaves is Magic- 
Grip! Your customer is assured 


of quality when Magic-Grip 


sheaves are used on your machine. , 


Best of all, Magic-Grip sheaves cost 
no more than ordinary sheaves. Sizes 1 
to 250 horsepower. 


ONE SOURCE FOR EVERYTHING 
The Texrope line offers the most com- 
plete selection of V-belts, speed chang- 
ers, and standard and variable speed 
sheaves in the industry. In addition, 
you get the extra engineering skill that 
results from having more industrial V- 
belt installations than any other manu- 
facturer. 


GET FACTS AND FIGURES 
Big 120 page Texrope Pre-Engineered 
Drive Manual 6956A lists sizes and 
dimensions of drives to fit more than 
90% of all fixed speed applications. 


Texrope and Magic-Grip cre Allis-Chalmers trademarks. 


‘/ALLIS-CHALMERS 
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Serviced... 


by Allis-Chalmers Authorized Dealers, 
Certified Service Shops and Sales Offices 
throughout the country. 


MOTORS — ‘2 to 
25,000 hp and up. 


CONTROL — Manual, 
magnetic and combina- 
tion starters; push but- 
ton stations and compo- 
nents for complete con- 
trol systems. 


PUMPS — Integral 
motor and coupled 
types from % in. 
to 72 in. discharge 











SIMPLEST... 
MOST COMPACT 


“-M 


AIR 
HYDRAULIC 
WATER 
CYLINDERS 


Add up these ad- 
vantages. They 
are the reasons 
why more and 
more equipment 
manufacturers are 
specifying Ort- 
man-Miller cylin- 
ders for all types 
of applications. 
Simplicity of de- 
sign eliminates tie 
rods and bulky 
end caps ... saves one-third in 
installation space. All parts and 
mounting brackets interchangeable 
bore for bore. Cost less to buy, 
install and service. Full range of 
sizes (1%” to 8” bores) available 
for early shipment. Machined steel 
(no castings) and bearing bronze 
throughout. 
Write today for details! Speed 
production, cut costs and save 
space with Ortman-Miller cylinders. 


FREE TEMPLATES 


For the first time in 


K ‘~,. _ 
the industry, O-M of- S -gJ 
a ae 
~~. 


fers a complete set of “tt Ye, 
templates showing | pe ent 
all cylinders and ~~ ~ 
mounting brackets. | ty, + 
Y scale. Rr 


Your set /* 
on request. 
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ORTMAN-MILLER 


MACHINE CO., INC. 
1210 150th Street, Hammond, Indiana 
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PERFORATING PRESS: 


in. face; main spindle speed, 1600 
rpm; grinding wheel motor, 2-hp, 
1800-rpm, 220/440-v; regulating 
wheel motor, %-hp. Diversified 
Metal Products Co., Los Angeles, 
Calif. 

New No. 8150 
150-ton press for punching slots, 
rounds or ovals in straight rows or 
with alternating rows staggered. 
Handles max sheet width of 54 in. 
at speeds between 100 and 200 
strokes per minute. Stagger motion 
accomplished by feeding sheet 
straight through press and mov- 
ing punch and die from side to 
side, with amount of stagger ad- 
justable. Counter attachment stops 
press after preselected number of 
rows have been punched. HZ. W. 
Bliss Co., Canton, O. - 


JIG BORERS: Oerlikon production jig 


borers for precision work. Double- 
column machines locate holes to 
0.0004-in. tolerance between cen- 
ters, drill holes as small as 0.040- 
in. diameter. Two models have 18 
spindle speeds, 12 feeds. Model R-2 
has 38 to 1900-rpm speeds, 0.0012 
to 0.031-in. per revolution feeds, 
58 5-in. clearance between col- 
umns, and 25 48-in. travel of bor- 
ing head on crossrail. Model R-3 
has 30 to 1500-rpm speeds, 0.0012 
to 0.0472-in. per revolution feeds, 
65 %-in. clearance between col- 
umns, 28 %-in. head travel. The 
Cosa Corp., New York, N. Y. 


POWER HACK SAW: Heavy-duty mod- 


el handles 6% in. square materials. 
Has 6-in. stroke, built-in coolant 
tank, %-hp single or three-phase 
motor, swivel vise, automatic feed 
system, and automatic stop. Takes 
12 or 14-in. blades, operates at 70 
or 125 strokes per minute. Sales 
Service Machine Tool Co., St. Paul, 
Minn. 


HYDRAULIC PRESSES: Capacities, 5 and 


8 tons. Units are complete with 
built-in reservoir, with motor and 
pump mounted inside frame. Re- 
turn ram stroke can be shortened 
to save time. Force exerted adjust- 
able between 10 and 100 per cent 
of max capacity. Models F-50A 
and F-80 have 10-in. max stroke, 
16-in. gap, 744-in. reach, are pow- 
ered by 2 and 3-hp motors respec- 
tively. Hannifin Corp., Chicago, Ill. 


VERTICAL MILLERS: In 48 and 60-in. 


capacities, with working surfaces 
of 24 by 84 and 24 by 96 in. No. 
4 machines designed for heavy- 
duty milling and die sinking op- 
erations. Electronic controls for all 
feeds through master control panel. 
Two 3-hp motors give table and 
cross slide rapid traverse speed of 
180 in. per minute. Reversible 





That New-Type 
ELDORADO 


Keeps Drawing Engineers! 





More engineers than 
ever are using the 
great new-type 
ELDORADO 


DRAFTSMAN: All new- 
type Eldorado H’s are 
smooth, easy-going, and 
really hold their points! 
All—and I mean all. 


ELDORADO: Right. You 
can’t beat the new-ty pe 
Eldorado withits stronger 
...denser, more uniform 
lead and longer point life. 
Eldorado’s exclusive 
Leadfast process insures 
no splintering or burring 
...leads are truly cen- 
tered. Rounded smooth 
edges of Eldorado’s hexa- 
gonal shaft are easy to 
sharpen, comfortable to 
draw with. 


DON’T WAIT...send for 
your free samples of the 
new-type Eldorado today 
... the two degrees most 
useful to you. 


Write on your 
business letterhead 
to the address below. 


DIXON’S 
TYPHONITE 


ELDORADO 


Joseph Dixon Crucible Co., Pencil Products 
Division 101-J6, Jersey City 3, N. J 
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ANCIHOR 


Tailor-made to Keep Your 
Costs Down-Performance Yp 


Factory-assembled to your specifications—save_ 


you time and money, give you a better job 


av K OR longer service life — you design your machines with great care 
and manufacture them to rigid tolerances. 

But the job is not done until you invest the same care in selecting and 
specifying hose units. After all, the performance of your machines is de- 
pendent upon them. 

That's why Anchor offers factory-assembled hose units. They are made 
to exact lengths in accordance with your drawings.” And the couplings are 

For extra protection against leaks factory-applied by experts with specially designed machines to give you 

and blow-offs at high pressures leakproof dependability and extra safety. They cost less in the long run — 
use factory-applied Anchor Duc- because they give better service, keep your customers satisfied. 

prea ae te wih Shown here is a rayon two-braid hose-assembly designed for medium and 

we polenta Gap. low pressures, Made from specially selected synthetic rubber, it has excel- 

lent flexibility. This same unit is also available in a single-wire braid hose. 

For high pressures Anchor Ductile-sleeve hose-couplings are your best choice, 

Take out performance insurance. Reduce assembly time and costs in your 
plant and in the field. Equip your machines with Anchor factory-assembled 
hose units. 





Send for complete information 
on Anchor assembled hose units. 


Clip coupon to company letter head 


—and mail TODAY! 
Bibi: 


| ANCHOR COUPLING CO. INC. , Dept. MD61 
Libertyville, Illinois 


I like the dependability. the saf , and the time-and 
tures of Anchor As: led Hose Units. Please send me 











ANCHOR ele} t] Ri, [cmcloma i, le 


Libertyville ittatetes ° Branch Detroit, Michigan 
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FOR COOLANTS, 
LUBRICANTS, AND 
ABRASIVE LIQUIDS 


POSITIVE DISPLACEMENT 
AND 
IMPELLER TYPES 


J. 1. C. STANDARDS 
OR DIRECT 
MOTOR CONNECTED 


FOR TWENTY YEARS— 
DEPENDABLE, 
ECONOMICAL, EFFICIENT 


PIONEER 
PUMP 


& MANUFACTURING CO., INC. 


STANDARD OR SPECIAL, 
FOR EVERY MACHINE TOOL 
AND INDUSTRIAL USE 


JOHN R STREET 
MICHIGAN 


19662 
DETROIT 3, 


WRITE FOR CATALOG 








spindle driven by 10-hp 1200-rpm 
motor. Three 14%-hp motors drive 
table, cross slide and vertical slide 
at infinitely variable rates between 
% and 25 in. per minute. Reed- 
Prentice Corp., Worcester, Mass. 


PORTABLE HAND DRILLS: Model 430 
standard-duty electric drill has y- 
in. capacity in steels, %-in. in hard 
wood. No-load speed, 1000 rpm; 
length overall, 12% in.; weight, 6% 
lb. Model 435 has %-in. capacity 
in metals, %-in. in hard wood. No- 
load speed, 750 rpm; length over- 
all, 13% in.; weight, 6% Ib. Both 
models equipped with Jacobs 
geared chucks. Cummins Portable 
Tools, division of Cummins-Chi- 
cago Corp., Chicago, Ill. 


MOLDING MACHINE: For high-speed 
molding of all thermoplastics. Ca- 
pacity, 8 oz; locking pressure, 350 
tons; die plates, 22% by 28 in. 
Uses high-speed double-toggle link- 
age. Machine combines high pro- 
duction rate of small machine with 
rigid locking of large machine. Les- 
ter-Phoeniz Inc., Cleveland, O. 


Drop HAMMER: Model C Ceco-Drop 
piston-lift, gravity drop hammer 
designed for work requiring short 
fast strokes. Stroke controlled by 
quick positioning dogs mounted on 
pivoted rocker connected to op- 
erating valve. Air-operated dog 
controlled by pushbutton on treadle 
changes hammer from long to 
short stroke. Anvil weight to ram 
weight ratio, 20 to 1 or 15 to 1. 
Chambersburg Engineering Co., 
Chambersburg, Pa. 


SPECIAL GRINDER: Five-head rotary 
automatic surface grinder for fin- 
ishing sides of connecting rods and 
connecting rod caps. 
held 
tures; one revolution of table un- 
der grinding heads finishes one 








Workpieces | 
in automatic clamping fix- | 


side. Parts are then turned over to | 
finish other side. Automatic sizers | 


keep work within specified toler- 
ances. Mattison Machine Works, 
Rockford, Ill. 


BENCH WELDING HEADS: Line of low- | 


inertia welding heads 
Tweezer-Weld action that auto- 
matically applies correct follow- 
through pressure. Can handle small 
parts at 3600 welds per hour. 
Screw provides adjustment of pres- 
sure from 6 oz to 15 lb between 


featuring | 


electrodes. Federal Tool Engineer- | 


ing Co., Newark, N. J. 
STAKING PRESS: 


Semiautomatic air- | 


powered bench type press for light | 


staking, forming, riveting, punch- 


ing, etc. Delivers up to 60 spring- | 


powered blows per minute with 
variable impacts to 12,000 lb or 
gives adjustable air-powered 













OF SAMOTHRACE 
aaanin 


Winged Victory of Samothrace representing a winged 
Nike, who sweeps down with lightning speed; seeming 
to force a way for the imposing Goddess of Victory 


Bearing Balls 


made in this modern plant per 
form perfectly at lightning speed or 
the speed of a snail's pace. 

In this ball plant, where balls only 
(not bearings) are made, more and more}: 
manufacturers are discovering the uni 
form results in their finished product be 
cause of the exactness practiced here. 

In this plant the equipment, machiner) 
and instruments are mostly our own de 
sign. The personnel is above the averag 
and well-trained. These facts visitors ar 
quick to discern. 















These are only a few reasons wh 
Universal Precision Balls are used | 
increasing quantities by meticulous bear 
ing manufacturers in the U. S. A. an 
abroad. Because of long years of stud 
and careful research Universal Precisi 
Balls are made to within ten millionths 
an inch and as small as .020 of ani 

For precision balls that reduce fricti 
wear and assembly costs to a minim 
specify Universal Precision Balls 


UNIVERSAL BALL C0 


PRECISION BALLS OF CHROME 
AND STAINLESS STEEL, BRONZE 
AND SPECIAL METALS. 


WILLOW GROVE, Montgomery County Pa. 
Telephone, Willow Grove 1200 
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IS OF THE ESSENCE 


...in producing essential products 







Here are three Wolverine developments in tubular forms which, | 
introduced as components of your products, can contribute 
immeasurably in saving time and critical materials, first in 
installation, and then in the subsequent operation and mainte- 


nance of such products. 


WOLVERINE TRUFIN*— used for heat transfer work, is outstanding in 
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Victory time-saving qualities. Since the fins are integral with the tube itself, 
\ ee they will withstand vibration and the tube will remain in service an 
er \ y 

\ \\\ . exceptionally long time. This obviously reflects in fewer and less frequent 
Is Wy ‘add A tube installations. With Trufin providing an increased ratio of outside 
(\\ = to inside surface, the performance over plain surface tube, in many cases, 
. will be more than doubled. The saving of time, and space too, is obvious. 
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SPUN END PROCESS} — is proving a great time-saver. Its use has enabled 
many manufacturers—often through a simple change in the design of 





s only 
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‘ 
poses—is unique in its field. Its bore is plug drawn, assuring a perfectly 


set be}: tubular parts (components of their products) —to completely eliminate 
here. separate end closures or other assemblies and also reduce the time and 
-hiner) cost of assembly operations. ‘ 
_ t Re Issue 22465 ; 
erage @ 
ors are 
CAPILATOR*—the Wolverine capillary tube used for restriction pur- 
is. wh 
sed | smooth inside surface that allows a uniform, uninterrupted flow through 
; bear the tube. 
A. and * Reg. U.S. Pat. Off. 
f stud 
‘ecisio 
nths 0 
in ind ; 
rictio 1 
nimu 4 


ak a 


ee 


=WOLVERINE TUBE DIVISION 


Calumet & Hecla Consolidated Copper Company 
INCORPORATED 
Manufacturers of seamless, non-ferrous tubing 
1433 CENTRAL AVENUE «+ DETROIT 9, MICHIGAN 


Wolverine Trufin and the Wolverine Spun End Process available in 
Canada through The Unifin Tube Co., London, Ontario 
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LANTS IN DETROIT, MICH., AND DECATUR, ALA. ~ SALES OFFICES IN PRINCIPAL CITIES 


Export Department, 13 E. 40th St., New York 16, N. Y. 
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Architectural Profession 


... buildings are being born 
on CLEARPRINT TECHNICAL PAPER. 
Learn why leading architects and 
engineers demand Clearprint. Ask 
for a sample, then make this con- 


vincing test: 


l. INVITES THE PENCIL—Try 
Clearprint’s perfect working 
surface with a 2H pencil. 


NO GHosTS—Erase several 
lines and crease the paper. 
Then hold it to the light or 
make perfect, ghost-free re- 


productions. 


NEVER CHANGES—Sheets in 
use throughout the country 
for 18 years prove Clear- 
print’s unchanging character. 


Specify the Clearprint Paper that 
meets your technical drawing re- 
quirements. In sheets and rolls. 


| ORR 

CLEARP2INT 
| a 

TECHNICAL PAPER 


DEMAND IT— THERE IS NO SUBSTITUTE 


( sreciey: No. 1000H CLEARPRINT ) 


the universally accepted technical paper 
AND: No. 1025 PAPERCLOTH 

the paper with cloth durability 

Clearprint is also available in other weights 

Ask for samples from your deoler, or write: 


CLEARPRINT PAPER CO. 




















\ 1482 Sixty-seventh St. * Emeryville, Calif. 
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squeeze up to 12 times line pres- 
sure. Throat, 10 in.; stroke, ad- 
justable from 1 to 2 in. Two-hand 
controls for manual feed; foot op- 
eration at up to 75 strokes per 
minute. Has 8 by 10-in. base, 
stands 30 in. high, weighs 72 Ib. 
Winter Products Inc., Bridgeport, 
Conn. 


SURFACE FINISHING MACHINE: For 


finishing both surfaces of flat or 
contoured parts to any degree from 
flash removal to mirror finish. 
Model 202 machine designed to 
provide automatic float of buffs 
at any preselected pressure. Equip- 
ped with two spindles to accom- 
modate rolls 40 in. wide and up to 
9-in. diameter. Automatic hydrau- 
lic in and out stroke adjustable 
from %-in. to 24 in. Clair Manu- 
facturing Co., Olean, N. Y. 


TURRET LATHE: Precision toolroom 


lathe for fast production of small 
parts. Has 9-in. swing, variable 
cutting speeds from 90 to 3750 
rpm. Draw-in collet capacity, 1% 
in.; stationary collet capacity, %- 
in.; Automatic indexing turret re- 
volves on ball thrust bearings with 
constant preload opposed by taper 
roller bearing to prevent vertical 
error. Rivett Lathe é Grinder Inc., 
Boston, Mass. 


BORING MACHINE: Precision horizon- 


tal hydraulic boring machine meets 
work tolerances of plus or minus 
0.0003-in. Boring capacity, % to 
6% in. diameter. Portable units 
weigh 200 and 300 lb. Work is held 
stationary, only tool revolves. Spin- 
dle driven by V-belt from 1%4-hp 
motor through pulleys giving 460, 
900 or 1400 rpm of tool. Hydro- 
Borer Co., Inglewood, Calif. 


PUNCH PRESSES: Speedex 5-ton dial 


feed punch press with 1 or 2-in. 
stroke. Timing on index feed ad- 
justable by rotating timing cam 
on crankshaft, is accurate to 0.0002- 
in. Index feed locks in position dur- 
ing press stroke. O. F. de Castro 
¢& Associates, Los Angeles, Calif. 


BANDSAWS: Three models providing 


speed ranges of 80 to 5000 fpm. 
Blade speed changed by turning 
handwheel, indicator at eye level 
gives speed. Blade tracking ar- 
rangement places pivot point at 
crown of upper band wheel to hold 
crown in exact alignment with bot- 
tom wheel at all times. Upper band 
wheel assembly mounted on rigid 
steel tube with 4-in. vertical ad- 
justment to give 8-in. blade take- 
up. Table measures 16% by 17 in., 
tilts 45 degrees right and 5 degrees 
left. Uses flat or Tvyier Spyral 
blades. Tyler Manufacturing Co., 
Inglewood, Calif. 





SEE HOW 
GAST 


explosion-proof 
ROTARY 
AIR MOTORS 
helped solve 
this problem! 


PROBLEM: Specify a motor to drive 
liquid pump at variable speeds, fo 
Bede Circulating Paint Heater. (A uni 
for faster, more uniform application o 
hot finish.) 

SOLUTION: A Gast Rotary Air Motor 
running below 500 r.p.m., drives pump 
at. 150 r.p.m. Uses less than 30 p.si 
air pressure. 

RESULT: Power that’s economical, d 

pendable, safe. With explosion-proc 
Gast Motor, entire unit was approved 
by Underwriters’ Laboratories. 

Your problem may be entirely dif 
ferent — yet the unique advantages ¢ 
Gast Rotariés may offer just what yo 
product requires. In sizes from 1/20 % 
3 h.p., Gast Air Motors are amazing 
compact and light in weight. And ove 
loads can’t burn them out! 

Write Gast, describing your origing 
equipment application. We'll send f 
details. “Air may be your Answer! 


Gast Application Ideas see our 
Booklet—showing 26 de- CATALOG 
sign problems solved — 


SWEETS FuUt 
sent upon request. tor PORES EN 


Original Equipment Manufacturers for 
Over 25 Years 


ee 


AIR MOTORS - COMPRESSORS - VACUUM re 
(TO THREE H.P.) (TO 30 185.) (To 28 Ine 
GAST MANUFACTURING CORP, 107 Hinkley St., Benton Horber, 
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